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ABSTRACT 
Ecological Studies of Native Green River Fishes 
Below Flaming Gorge Dam, 1964-1966 
by 
Charles David Vanicek 
Utah State University, 1967 
Major Professor : Dr . Robert H. Kramer 
Department: Wildlife Resources 
Investigations to study (1) the species composition and distribution 
of Green River fishes between Flaming Gorge Dam and Ouray, Utah, and 
(2) the ecology and life history of selected native species (Colorado 
squawfish, Ptychocheilus lu cius; Col orado chub , Gila robusta; bluehead 
sucker, Pantosteus delphinus; and humpback sucker , Xyrauchen texan us) 
in Dinosaur National Monument were conducted from May, 1964, to 
October, 1966 . A total of 23 , 735 fish consisting of 9 indigenous and 11 
exotic species, were taken in 639 collections by electrofishing gear, gill 
nets, seines , and fry gear . Flaming Gorge Dam has caused a major 
change in the ecology of the downstream Green River by alteration of 
seasonal flow and water temperature pat te rns as far as the mouth of the 
Yampa River, 65 miles below the dam. As a result, native fish populations, 
particularly in the first 26 miles below the dam, have been largely re-
placed by introduced rainbow and brown trout (Salmo gairdneri and§.. 
trutta). Below the Yampa River mouth, fish populations were similar to 
those reported here during the pre-impoundment years 0 Age and growth 
determinations were made from scales from 167 Colorado squawfish and 
333 Colorado chubs o Both species grew slower in the years after dam 
closure (1963-1965) than before (1955-1962) 0 The bonytail form of the 
Colorado chub grew slightly faster than the roundtail form 0 Length-
frequency analyses of young Colorado squawfish, Colorado chubs, and 
bluehead suckers described seasonal growth of the first three year classes 
and provided evidence that these species reproduced successfully in Di-
nosaur National Monument every year since impoundment. During years 
of high summer discharge from the dam with resultant lower water temper-
atures ( 1964 and 19 66), no reproduction of any native fishes was found 
above the mouth of the Yampa River. No juvenile humpback suckers were 
collected during the study o The roundtail and bonytail forms of the Colo-
rado chub had significantly different length-weight relationships 0 Squaw -
fish over 200 mm total length were entirely piscivorous , while shorter 
squawfish consumed microcrustaceans and aquatic insects 0 The diet of 
the Colorado chub consisted largely of aquatic and terrestrial insects 0 
(138 pages) 
INTRODUCTION 
The ecological impact of large dams on major rivers has received 
much attention in recent years, particularl y with regard to altered lim-
nological conditions in the resulting reservoir habitat, sport fishery de-
velopment, and the effect of such dams upon fish migrations (International 
Union for the Conservation of Nature, 1960; Nee!, 1963) . But relatively 
little attention has been devoted to the impact of dams upon native fish 
populations downstream. High dams that discharge water from lower 
depths of the reservoir into the tailwater s often modify the downstream 
environment in the following ways: ( 1) average annua l water temperature 
is lowered, although water temperatures may be higher in winter; (2) 
turbidity is decreased; (3) seasonal extremes in water flow are reduced; 
and (4) dissolved oxygen concentration is reduced immediately below the 
dam . 
Pfitzer (1963) reported that the large dams of the Tennessee Valley 
Authority caused major ecological changes of the tailwater a reas which 
resulted in reduction or disappearance of native fish populations . 
Moffett (1949) concluded that the construction of Shasta Dam on the 
Sacramento River has resulted in radical ecological changes in the river 
below the dam, which altered species composition of the fish populations. 
Dill (1944) and Kimsey (1957) attributed the great reduction in number of 
native species in the lower Colorado River to the impact of large dams . 
Miller (1961) considered impoundments to be one of the primary factors 
re sponsible for the disappearance of native fish species in the south-
western United States. 
In 1956, Congress authorized the U.S. Bureau of Reclamation to 
construct four major storage units of the Colo rado Rive r Storage Pro ject , 
2 
a long-range program to develop the water resources of the upper Colorado 
River system. These storage units were: the Navajo Unit on the San Juan 
River in New Mexico and Colorado; the Glen Canyon Unit on the Colorado 
River in Arizona and Utah; the Curecanti Unit on the Gunnison River in 
Colorado; and the Flaming Gorge Unit on the Green River in Utah and 
Wyoming. The primary purposes of these units were : ( 1) regu l ation of 
flow of the Col orado River, (2) storage of wa t e r for consumptive use , 
(3) irrigation, (4) generation of hydroelectr ic power, and (5) recrea t ional 
development. 
Construction of Flaming Gorge Dam was begun in 1957 and was com -
pleted in 1963, although impoundment began November 1, 1962 . The 
455-ft . high , arch - type concrete dam is located in lower Red Canyon in 
Ashley National Forest i n northeastern Utah . The primary pur poses of 
this dam a re hydro - e l ectr ic power, regu lat ion of rive r fl ow, and recrea -
tion . The dam will impound a 90-mile long reservoi r of 42,000 surface 
acres that, when filled, will extend nearly up to the town of Green Ri ver, 
Wyoming. 
To assure development of a successful sport fishery in Flaming 
Gorge Reservo i r and tail wate rs, the Green Rive r Fi sh Control Project wa s 
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organized in 1960 . The specific objective of the project was to emdicate 
non-game fi sh populations which might compete with stocked rainbow trout 
(Salmo gairdneri) and other game fish introduced into the new reservoir . 
This was a cooperative effort by the U . S. Bureau of Sport Fisheries and 
Wildlife, the Utah State Department of Fish and Game, and the Wyoming 
Game and Fish Commission, and eradication was done shortly before the 
dam was closed. During a 4-day period, September 4-7, 1962, 21,475 
gallons of 5-percent rotenone (Chem-Fish Regular) were introduced into 
the river at several stations between Pinedale, Wyoming, and a point 
7 miles above the Flaming Gorge dam site. Approximately 450 miles of the 
Green River and its tributaries were treated. To prevent loss of native 
fishes downstream, particularly those in Dinosaur National Monument, a 
detoxification station was established at Browns Park Bridge, 29 miles 
below the damsite and 15 miles above the Monument. Potass ium perman-
ganate , which neutralizes rotenone, was introduced into the river when 
the toxicant was in this area September 8-11. Despite this precautionary 
measure, a fishkill was observed in the Green River in Dinosaur National 
Monument on September 13-15 . The severity of the kill was not deter -
mined since the numbers of fish that had drifted into the Monument from 
upstream already dead or distressed was not known. 
A heated controversy followed the rotenone treatment because of the 
fishkill in Dinosaur National Monument . Concern was voiced by the 
American Society of Ichthyologists and Herpetologists and individuals 
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who had strongly opposed the eradication project and feared that certain 
endemic species in the Monument were in serious danger of extinction as 
a consequence of the rotenone treatment (Miller, 1963). An opposing 
view held that the ecological impact of Flaming Gorg e Dan would so dis-
rupt the native habitat of the endemic fishes that they would be e lim inated 
from that portion of the Green River and thus any effect of the rotenone 
treatment would be largely academic (Stroud, 1963a, 1963b). These dif -
fering opinions indicated a need for a post - Impoundment survey to de -
termine the status of the downstream fish populations. As a result, the 
Secretary of the Department of the Interior directed the Bureau of Sport 
Fisheries and Wildlife to evaluate the effects of any change in environ-
ment as a result of Fl aming Gorge Dam and the effects of the Green River 
Fish Control Project upon the river fauna. The entire investigation was 
assigned to th e Utah Cooperative Fishery Unit . This present s tudy was a 
par t of that overall program and investigated the distribution and ecology 
of Green River fishes after impoundment. The major objectives of this 
study were: 
1. To describe species compos ition, abundance , and distr ibution 
of Green River fishes at sel ected stations between Flaming Gorge Dam 
and the mouth of the White River, 1964-1966 . 
2. To compare present species composition and distribution in the 
study area with that of pre- impoundment years. 
3 . To describe growth, reproduction, survival , and food habits of 
selected native species. 
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4. To determine the physical and biotic factors which limit the dis -
tribution and abundance of selected species. 
5. To determine whether the environmental requirements o f thes e 
species are being met in th e section of the river studied. 
Two native species were selected for intensive life-history study, 
the Colorado squawfish, Ptychocheilus lucius, and the Colorado chub, 
Gila robusta. These species were chosen because: (1} both have been 
considered to be decreasing in abundance in t heir native ranges (Miller, 
1961, 1963}; (2} both were thought to have been endangered by the rote-
none treatment in Dinosaur Na tional Monument (Mill e r, 1963}; and (3} 
both species were found to be present in adequate numbe rs for life history 
stud y in the study area. Some aspects of the life history o f the blu ehe ad 
sucker, Pantosteus delphinus, and the humpback sucker, Xyrauc hen 
texanus, two other native species are descr ibed in the present study . 
STUDY AREA 
The Green River, the largest tributary of the Colorado River, origi-
nates on the western slope of the Wind River Range near the Continental 
Divide in western Wyoming. It flows southwa rd across a desert plateau 
into Utah and enters the deep canyons of the eastern Uinta Mountains . 
After passing into Colorado for a short distance it re-enters Utah, leaves 
the canyon country temporarily as it crosses the Uintah Basin, and enters 
Desolatio n and Gray Canyons. Approximately 730 miles from its source, 
it joins the Colorado River in southeastern Utah. The drainage area con-
sists of nearly 45 , 000 square miles of mostly arid or semi-arid land. 
The study area extended from Flaming Gorge Dam downstream to the 
mouth of the White River near Ouray, Utah (Figure 1). The Green River 
flows in a southeasterly direction from Flaming Gorge Dam through Red 
Canyon, Little Browns Park, Swallow Canyon, and into Browns Park, a 
wide, open valley . At the lower end of Browns Park, the river turns 
southward and cuts through the eas tern flank of the Uinta Mountains via 
Lodore Canyon (Figure 2). At the lowe r e nd of Lodore Canyon is Echo 
Park, where the Green River is joined by its largest tributary, the Yampa 
River (Figure 3) . At this point , the Green abruptly reverses its direction 
and flows northward around Steamboat Rock before entering Whirlpoo l 
Canyon to flow in a southwesterly direction. In this canyon, Jones Hole 
Creek, a clear, cold, spring-fed stream , enters the river from the north . 
WYO. 
---T-------
I COLO. 
I 
I 
I 
I 
, r·.J 
DINOSAUR NAT. f-..J 
MONUMENT ~·J r·-·-·-' 
MILlS 
Figure 1. Green River study area, showing location of sampling sta -
tions. GR=Greenda le (USGS); BP=Bridgeport; LO=Lodore; 
EP=Echo Park; IP=I sland Park; SM=Split Mt., JE=Jensen 
(USGS); OU -Ouray . 
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Figure 2. The Gates of Lodore , approximately 47 miles below Flaming Gorge Dam, where 
the Green River enters Lodore Canyon. 
co 
Figure 3. Echo Pa rk , approximately 65 miles below Flaming Gorge Dam , where the Green 
River (center of photo) is joined by the Yampa River (foreground). C'his photograph 
wa s taken dur ing low- water period . 
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After leaving Whirlpool Canyon , the river meanders through Island Park 
(Figure 4) , flows through Split Mountain Canyon, and enters Wonsits 
Valley in the Uintah Basin, where it is joined by the Duchesne and White 
Rivers near Ouray, Utah o Several tributaries enter the Green River in this 
160 -mile stretch , but most are intermittent streams which flow mainly dur-
ing the spring run-off period o Among the more notable geological features 
along the Green River are the steep cliffs featuring the Pre-Cambrian 
"Uinta" quartzite formation found in Red , Lodore, and Whirlpool Canyons; 
and the Pennsylvanian Weber Sandstone formation, seen in Yampa Can-
yon, Echo Park , and Split Mountain Canyon o 
Annual precipitation of this region varies with elevation, but aver -
ages approximately 10 inches 0 Annual mean air temperature is approxi-
mately 45°F, and extreme temperatures range from above 100°F in summer 
to - 30°F in winter o The surrounding vegetation is characteristic of the 
"cold desert" and Pinyon-Juniper biomes 0 Most common forms a re the 
sagebrush (Artemisia tridentata) , shadscale (Artiplex spp o), rabbit brush 
(Chrysothamnus spp o) , greasewood (Sarcobatus vermiculatus) at the lower 
elevations , and pinyon-juniper associations (Pinus edulis, Juniperus 
osteosperma) , Douglas Fir (Pseudotsuga menziesii), and ponderosa pine 
(Pinus ponderosa) at the higher elevations o Cottonwoods, (Populus spp o), 
willows (Salix spp o) , and box elders (Acer negundo) are common along the 
river bottoms 0 Aquatic vegetation is sparse in the river, except in the 
Little Hole-Bridgeport area, where abundant growths of waterweed 
(Elodea) and fi lamentous algae (Cladophora) are common 0 
Figure 4 . Island Park, approximately 78 miles below Flaming Gorge Dam, 
located between Whirlpool Canyon and Split Mt. Canyon . 
METHODS AND MATERIALS 
Continuous recordings of water temperatures were made at Echo Park 
and Island Park on Ryan Model D portabl e recording th,ermometers. Da ily 
temperature readings were made at all stations with a pocket thermometer 
when fish samples were taken. Water-quality analyses were made at 
least once during each visit to a sampling station. The Alsterberg modi -
fication of the Winkler method was used for dissolved oxygen determin-
ations (American Public Health Association et al., 1960). Brom-cresol -
green methyl - red was used for total alkalinity ana lysis, and hydrogen-ion 
concentration was measured with a Wallace-Tiernan comparator. Turbid -
ity was measured with a Jackson turbidimeter , and specific conductance 
was measured with a Solu Bridge RB2 (Industrial Instruments) conductivity 
meter. 
Water-flow data were obtained for four gaging stations from U. S. 
Geological Survey records (Water Suoply Papers and unpublished data) : 
the Green River at Greendale (l/2 mile below Flaming Gorge Dam ); the 
Green River above Jensen, Utah; the Yampa River at Ma ybell, Colo rado ; 
and the Little Snake River near Lily , Colorado. Annual mean water qua l -
ity values and daily water temperatures were also obtained from U. S . 
Geological Survey data. 
Fish populations were sampled with various types of collecting 
gear. Nylon experimental gill nets 7 5- and 150 - ft. long with mesh sizes 
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ranging from 3/4-mch to 3-mch stretch measure were effective in taking 
a wide range of fish s1zes. Two straight seines, a 30-ft., 1/4-inch mesh 
nylon seine and a 15-ft. , 1/8-inch bobbmet nylon seine, were used to 
collect small fish . An electri c shocker (F1gure 5) powered by a 2 30 -volt 
generator and mounted on an 18-ft . aluminum flat - bottomed boat fitted 
with stamless sieel electrodes was the only effective means of capturing 
fish in faster waters of the river . Electrofishmg was most effective du r-
ing penods of low water and least effective during high-water periods . 
Tow nets , food stramers , and a modified scoop shovel with window-
screen inserts (Figure 6) were used to collect very young fish . 
A total of 63 9 collections containing 2 3, 73 5 fish were made dur ing 
the 3-year period (Tables l and 2). Sampling bega n in May, 1964, and 
terminated in October, 1966 (Appendix A). Most sampling was done from 
June through September, but several weekend collecting trips were ma de 
in April, May , October, and November. Location of sampling sites was 
dictated l argely by veh1cle and boat access to the river . Intensive sam-
pling stations were established at Lodore (Figure 2), Echo Park (Figure 3) ,• 
I s l and Park (Figure 4) , and Split Mountain . Supplemental sampling sta -
tions were l ocat e d at Little Hole , Bridgeport, W i llow Creek , and Ouray 
(Figure 1). 
Fish specimens were preserved in 10-percent formalin in the field 
and later ~ransferred to 40-percent ISopropyl alcohol in the laboratory. 
Total length (that length from the tip of the snout to the tip of the caudal 
fin when compressed) of all fish was measured to the nearest mi llimeter, 
Figure 5 . Electrofishing boat used to sampl e habitats inac -
cessible to other types of gear . 
Figure 6. Modified scoop shovel used to collect young-of-the-
year fishes. 
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Ta ble 1. Number of fish collections made each year with the various 
types of gear, Green River, 1964-1966 
Year 
Ge ar 1964 1965 1966 Total 
Shocker 69 22 26 117 
Seines 97 92 75 264 
Gill nets 47 83 69 199 
Fry gear 0 32 27 59 
- - - - - - - - - - - - - - -
Total 213 229 197 639 
Table 2. Numbers of all species of fish collected, Green River, 1964-
1966 
Species 
Salmo gairdneri 
Salmo trutta 
------
Prosopium williamsoni 
Cyprinus carpio 
Gila atraria 
-----
Gila robusta 
------
Richardsonius balteatus 
Ptychocheilus lucius 
Rhinichthys osculus 
Pimephales promelas 
Semotilus atromaculatus 
Catostomus latipinnis 
Catostomus commersoni 
Pantosteus delphinus 
Xyrauchen texanus 
Catostomus X Xyrauchen 
Ictalurus punctatus 
Ictalurus melas 
Lepomis cyanellus 
Stizostedion :::!_. vitreum 
Cottus bairdi 
Miscellaneous frya 
Total 
Number collected 
91 
9 
1 
863 
2,393 
4,079 
1,469 
3,822 
2,492 
12 
1,753 
96 
1, 518 
65 
15 
388 
138 
5 
4 
6 
4, 505 
23 735 
aCatostomid and cyprinid young-of-the-year other than f. lucius and .Q_. 
robusta . 
16 
and weight was recorded in grams. Approximately 10 scales were taken 
from the right side of each fish just above the lateral line and below the 
origin of the dorsal fin and placed in a scale envelope. Location, date, 
serial number, length, weight, sex and state of maturity were recorded 
on the envelope. 
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All common and scientific names used are those accepted by the 
American Fisheries Society (1960) with one exception; Gila robusta will 
be referred to as the Colorado chub, and its two subspecies in the Green 
River, g . ..!:· robusta and..Q. . ..!:· elegans, will be referred to as the round -
tail and the bonytail, respectively, as suggested by Sigler and Miller 
(!96 3). The postlarval fish key by Winn and Miller (1954) was used to 
identify postlarval fishes . 
RANG E AND TM<ONOMY OF THE SELECTED SPECIES 
The four species selected for study are all endemic to the Colorado 
River drainage. The Colorado squawfish , Ptychocheilus lucius, is the 
largest native cyprinid in North Am erica , is known locally as the "Colo-
rado salmon" or the "Colorado whitefish , " and belongs to a genus con-
taining three other species. They are the Sacramento squawfish, .E_. 
grandis , found in the Sacramento River drainage of northern California; 
the northern squawfish, .E_. oregonensis, of the Columbia River bas in; and 
the Umpqua squawfish, .!:_. umpguae, found in coastal stream£ in Oregon. 
The Colorado chub, Gila robusta, is another large cyprinid and be-
longs to a genus whose taxonomy is poorly understood at the present time. 
The American Fisheries Society (1960 ) recognized eight other species 'of 
the genus bes ides robusta, all of which occur west of the Continental 
Divide. Originally , the Colorado chub was identified as two distinct 
species , Gila robusta , the roundtail, and 9. elegans, the bonytail 
(Baird and Girard, 1853), but was later considered as one species,§. 
robusta , (Ellis , 1914) , and was also regarded as one species by the 
American Fisheries Society (1960). Because of its morphological vari-
ability, M iller ( 1946) divided this species into several subspecies. The 
two variants or subspecies in the study area were the roundtail, _g . ..!:· 
robusta, and the bonytail , § . ..!:· elegans . Adults were readily separated 
into these two forms on the basis of the relative depth of the caudal 
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peduncle and general body form (Miller, 1946). 
The genus Pantosteus contams eight species mcluding the blue-
head sucker , .!:'_. delphinus , listed by the American Fisheries Society 
(1960). All but one species , £. . platyrynchus, occur exclusively west of 
the Continental Divide. Smith (1965) considered Pantosteus to be a s u b -
genus of the genus Catostomus. Considerable morphological variability , 
particu larly with regard to rela t ive depth of the caudal peduncle, occurs 
in l'. . dephinus. 
The humpback sucker, also known as the razorba ck sucker, belongs 
to the monotypic genus and species Xyrauchen texanus . This species was 
known to hybridize with the flannelmouth sucker, Catostomus latipinnis , 
in the Green River Study area. 
PHYSICAL AND CHEMICAL ENVIRONMENT 
The Green River below Flaming Gorge Dam has changed greatly 
since the c lo sure of the dam in late 1962. Chemical and physical char-
acteristics of the river immediately below the dam arP. now rlependent 
upon conditions in the reservoir at the level of the penstocks and upon 
the amount of discharge. As the river moves downstream from the dam, 
it is joined by tributary streams and gradually tends to resemble pre-
impoundment conditions . 
To assess changes caused by the dam, chemical and physical fea-
tures of the river at increasing distances below the dam before and after 
impoundment were compared. 
Gradient 
Four distinct zones occur in the study area with respect to longi-
tudinal gradient (Figure 7). The first zone, from Flaming Gorge Dam to 
Swallow Canyon (26 miles), has a rather uniform gradient, generally fast 
flow with a series of pools and riffles, and is characterized by boulder , 
rubble, or sand bottoms. Th e second zone, from Swallow Canyon to the 
head of Lodore Canyon (21 miles) , has a greatly reduced gradient with a 
relatively slow flow unbroken by riffles over predominantly sand and silt 
bottoms. The third zone, the canyon area in Dinosaur National Monument 
(47 miles), has a generally steep gradient, occasionally interrupted by 
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stretche s of reduced gradient, and is characterized by a diversity of 
rap1ds, riffles, eddies, pools, and runs. Bottom substrate is boulder, 
rubble, sand and silt. The fourth zone, from the southern boundary of 
Dinosaur National Monument to Ouray (66 miles), resembles the second 
zone . The gradient is reduced and the river flows slowly over a soft silt 
bottom as it meanders through a large open valley . 
Historically the yearly flow patterns of the Green and Yampa Rivers 
have been very simila r (Tables 3, 4, and 5) . Flow was lowest during the 
winter months and increased gradually until peak run-off was reached in 
May or June. Following peak run-off, the flow receded during the s umme r, 
and was uniformly low during fall months. Considerable yearly variation 
occurred in mean annual flow as well as in maximum and minimum mean 
monthly flows (Woodbury et a!., 1963). Since the completion of Flaming 
Gorge Dam , the annual flow pattern of the Green River has been greatly 
altered (Table 3). The characteristic high spring flows and low winter 
flows have been replaced by a relatively stabilized seasonal flow pattern. 
Monthly flow rates have varied among years, however, because water re-
lP.nses have been dependent upon varying power demands and downstream 
water needs. As a result, short -term variations in discharge have occa-
sionally occurred. The result has been that flows are now less stable on 
a daily basis , but more stable on an annual basis, than before impound -
ment. 
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Table 3 Mean monthly and annual Green R1ver discharge (cubic feet per 
second) before and after impoundment, Greendale (complied 
from USGS data) 
Before impoundment 
(1951-19 62) After imJ2oundment 
Month Mean Range 1963 1964 1965 1966 
October 920 573- 1 ' 608 777 128 2' 583 1 , 279 
November 814 576- 1,338 900 312 2,343 2,024 
December 628 323- 988 268 743 3' 151 I, 88 1 
January 597 391- 814 367 949 3,506 1 ' 164 
February 792 442- 1' 503 467 966 3,838 1 '293 
March 1 '4 13 709- 2' 434 106 599 3 , 782 I, 152 
April 2,752 1,274- 6,288 134 587 3,420 2 ' 17 1 
May 4' 462 1,278 - 6, 41 6 130 1,477 I, 078 l' 3 52 
June 6 , 996 3,227-11' 420 12 5 1 '466 1,439 1' 590 
July 3,375 909- 6,995 104 2,441 474 1,692 
August l, 635 700- 3, 711 102 1,992 497 1' 92 1 
September 913 643- 1' 640 113 2,200 734 2 '078 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Annual mean 2,102 231 1,5 55 2,227 1,633 
Annual range l, 032-3' 226 
Table 4. Mean monthly and annual Green Rive r discharge (cubic feet per 
second) before and after impoundment, Jensen (compiled from 
USGA data 
Before impoundment 
(1951 - 1962) After im12oundment 
Month Mean Range 1963 1964 1965 1966 
October 1, 444 883- 2, 402 l, 112 346 2 , 737 2,444 
November 1,333 932- 1,805 593 632 2,657 2 , 699 
December 1,005 533 - 1 ,47 1 528 1,036 3 , 484 2,584 
January 955 744- 1 ' 304 747 l, 199 4, 206 ], 816 
February 1, 222 721- 4 , 676 I, 12 6 I, 314 4,448 1 ,879 
March 2' 590 1,477- 4,435 949 I, 02 3 4,42 1 3 ' 992 
April 6,513 2,710-15,360 2,029 2 ' 464 6,936 5,415 
May 12 , 159 5, 758-23' 100 5' 507 8,755 9,718 6, 799 
June 13,939 5,575 - 26,440 3,428 8' 172 ll ' 680 4 , 3 12 
July 5' 189 1,531 - 14,740 498 4 ' 189 3' 860 2 ' 137 
August 2,238 924 - 4,479 453 2,390 I, 686 2,185 
September 1, 274 645- 2,051 505 2,395 1,829 2 , 238 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Annual mean 4' 179 1, 458 2,825 4,797 3,214 
Annual range 2,255-6,230 
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Table 5. Mean monthly and annual Yampa River discharge (cubic feet per 
second), 1950-1966 (com12iled from USGS data) 
1950-1960 
Month Mean Range 1963 1964 1965 1966 
October 361 259- 839 302 124 178 828 
November 394 2 59- 694 341 2 52 306 567 
December 340 241- 499 276 177 375 456 
January 312 2 59- 432 259 188 362 470 
February 364 2 50- 669 515 217 361 376 
March 801 395- 984 698 302 476 2,546 
April 3,273 1,649- 7,292 1,807 1' 518 3,584 3' 050 
May 7,942 4,510-12,479 5, 541 7,766 8,871 5,400 
June 7, 103 1,741-15,062 3,222 6,834 10,376 2,464 
July 1, 487 2 98- 6' 919 288 1,642 3 ,0 51 313 
August 434 122- 1' 181 291 338 931 127 
September 221 65 - 495 256 181 815 48 
- - - - - - - - - - - - - -------- - - - - - - - - - - - - -
Annual mean 1,941 1, 152 1,630 2, 477 1, 394 
Annual range 967-3162 
Below the mouth of the Yampa River, the flow of the Green River has 
been altered less because Yampa waters modify the dam's impact. The 
seasonal flow pattern at the USGS gaging station at Jensen, Utah , resem-
bled that of pre-impoundment years (Table 4). Since impoundment, how-
ever, the spring peak run-off has generally occurred in May rathe r than in 
June as it did beofre, and it has not equaled the mean pre-impoundment 
peak run-off in the 4 years since dam c losure. Mean monthly flows in 
late fall and wmter have been higher than before impoundment indicating 
that the impact of the dam upon flow was apparent as far downst ream as 
Jensen. 
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Water Te mperature 
Before 1mpoundment, yearly water temperature patterns were similar 
at Greendale and Jensen (Tables 6 and 7). Temperatures began rising from 
the mid-30's in March and reached maxima in the mid-70's in July. In 
lnte August, temperatures began a steady decline to winter lows in Decem-
ber. Since dam closure, water temperatures at Greendale showed little 
seasonal fluctuation and remained largely in the 35 to SSF range because 
water was discharged from the reservoir's hypolimnion. The rise in tem-
perature up to the mid-SO's that has occurred each year since impoundment 
at Greendale in October and November was probably related to the fall 
over-turn which occurred in the reservoir at this time (Eiserman et a!., 
1967). At Jensen, the post-impoundment seasonal temperature pattern re-
sembled the pre-impoundment pattern, but temperatures after 1962 were 
s lightly lower in the summer months and higher in the winter months than 
before impoundment (Table 7). 
During the 4 years since impoundment, the degree of influence of 
the dam on downstream water temperatures has varied considerably (Figure 
8). In years of low discharge, 1963 and 1965, summer water temperatures 
at all Green River locations from Bridgeport downstream to the Yampa 
River approximated pre-impoundment temperatures. In the years of rela-
tively high discharge , 1964 and 1966, water temperatures were consider-
ably below those of 1963, 1965, and the pre-impoundment years as far 
downstream as Island Park or Jensen (Figure B; Table 7). 
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Tabl e 6. Mean monthly Green River water temperatures, before and after 
im QOundment, Greendal e , Utah (comQiled from USGS data) 
Before im[20undment After im12oundment 
Month 1957-1959 1963 1964 1965 1966 
January 33 36 41 41 45 
February 33 35 37 38 41 
March 36 36 38 39 39 
April 45 36 40 40 39 
May 52 39 41 42 39 
June 60 41 42 46 40 
July 70 43 45 49 41 
August 58 44 47 50 43 
September 60 42 48 51 44 
October 50 43 54 53 
November 35 58 53 53 
December 33 48 46 49 
Table 7 . Mean monthly Green River water temperatures, before and after 
im(2oundment, I en sen, Utah (com12iled from USGS data) 
Before im12oundment After im12oundment 
Month 1957-59, 1962 1963 1964 1965 1966 
January 33 32 32 32 
February 33 33 32 36 
March 36 43 35 39 
April 48 49 48 45 49 
May 56 59 56 54 58 
June 64 66 61 60 62 
July 72 72 66 67 68 
August 70 72 64 66 64 
September 64 66 59 57 58 
October 50 53 54 
November 38 42 47 
December 34 32 37 
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The inverse relationship between discharge and temperature was es-
pecially apparent at Little Hole and Bridgeport, 7 miles and 17 miles, re-
spectively, below the dam o 1 During the summers of high discharge, 1964 
and 19 66, maximum temperatures at Little Hole were 53°F and 55°F, re-
spectively , while during summers of low discharge , 1963 and 1965, maxi-
mum tempera tures were 63°F and 59°F o At Bridgeport, maximum summe r 
temperatures in 1964 and 1966 were S8°F and 60°F , respectively, and in 
Water Chemistry 
A comparison of pre-impoundment and post -impoundment water chem-
is try data from USGS records on annual mean values of bicarbonates, total 
dissolved solids, specific conductance, and pH of Green River water at 
Greendale and Jensen did not reveal any permanent change in these values 
after dam completion (Table 8) 0 In the 1963 water year, the fi r st year 
after dam closure, the values of bicarbonates, total dissolved solids, and 
specific conductance were much higher than in the other years 0 These 
high values were probably t he resu lt of the extremely low flow of that 
year (m ean flow~ 231 cfs) due to the filling of Flaming Gorge Reservoir. 
In general, the water chem i stry determinations from the field analysis in 
the present study (Table 9) were similar to those reported by pre - impound -
ment surveys (Banks, 1964; Bosley , 1960; McDona ld and Dotson, 1960) 0 
1Data from Utah State Department of Fish and Ga me temperature 
record s o 
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Table 8. Annual mean discharge and water quality, Green River at Green -
dale and Iensen, Utah, 1947 to 1966 (comf>iled from USGS data ) 
Mean Total Specific 
Water discha rge HC03 dissolved conductance 
:(eara (cfs) (f>f>m) solids ( f>f>m) {micromhos) f>H 
Greendale 
1956-57 2 '877 197 476 70 5 7 . 5 
1957-58 2 , 430 173 404 624 7 . 9 
1958-59 l, 576 169 439 662 7.9 
1959-60 1,375 190 473 716 7.9 
1960-61 l, 032 191 540 784 8 . 0 
1961 - 62 2,919 192 447 685 7 .7 
Flaming Gorge Dam closed 
1962-63 231 215 653 951 7 . 8 
1963-64 l, 555 193 465 695 7.7 
1964-65 2 ,22 7 194 551 769 7 .8 
1965-66 1,633 182 536 786 7.9 
- - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - -
I en sen 
194 7-48 4,215 176 399 617 7.9 
1948-49 4,708 191 457 709 7 .9 
1949-50 5 , 659 196 479 741 7.6 
1950-51 5' 073 186 425 646 7.7 
1951-52 6 ' 230 187 471 700 7.7 
1961-62 6,016 164 333 522 7 . 7 
Flaming Gorge Dam closed 
1962-63 1,458 175 526 7 58 7 . 6 
19 63-64 2,825 185 408 612 7.7 
1964-65 4,797 164 371 552 7. 6 
1965-66 3' 214 165 413 615 7.7 
aA water year runs from October 1 through September 30 of the following 
year. 
Table 9. Ranges of dissolved oxygen, total alkalinity, pH, specific conductance, 
Green River 1964 -1 966 
Dissolved Total Specific 
oxygen alkalinity conductance 
Location (QQm) (QQm) QH (m icromhos) 
Little Hole 8.0-13 . 0 140-145 8.2-8 . 6 
Echo Park 
(Green River) 7.2- 8.5 135- 160 7.8-8.5 725 - 820 
Echo Park 
(Yampa Ri ver) 6.3- 8.0 52-161 7 . 8-8.6 140 - 650 
I sland Park 6.4- 8.3 65 - 155 8.0-8 . 5 240 - 800 
and turbidity, 
Turbidity 
(QQm) 
<25 
35- 3 100 
56-4000 
< 100-5000 
w 
0 
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Eiserman et al. (1966) reported a potentia l threat to the fishery 
immediately below Flaming Gorge Dam in the form of a build -u p of hydro-
gen sulfide concentrations in the reservoir's monimolimnion during the 
winter months. In late winter the chemocline reached the penstock level 
and water from the monimolimnion containing hydrogen sulfide was dis-
charged into the trailrace in March and early April of 1965. Limited num-
bers of dead trout were observed in the tail waters . When spring over-
turn in the reservoir began, the problem was allevia t ed . 
Dissolved oxygen 
Dissolved oxygen concentrations in the Green and Yampa Rivers 
ranged from 6 . 3 to 13.0 ppm, with most observations between 6. 5 and 
8. 5 ppm (Table 9). Values were generally slightly higher in the Green 
Rive r than in the Yampa River . The highest concentrations were observed 
in the Little Ho le-Bridgeport area, where the c lear, cold water supported 
abundant algal growths and other aquatic vege tation. According to Utah 
Department of Fish and Game records (Eiserman et al., 1967} , dissolved 
oxygen dropped to 3 . 0 ppm in the tailrace during the fall months, but 
these low concentrat ions disappeared when fall overturn occurred in the 
reservoir. 
Alkalinity 
Alkallnity was due largely to the presence of bicarbonates . In the 
Green and Yampa Rivers before impoundment, alkalinity was lowest during 
the spring run - o ff in May and June, and increased steadily during the 
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summer as the water level receded (Ioms et al., 1964, 1965). Total al-
kalinity in the Yampa River was as low as 52 ppm at high water in late 
spring , and as high as 161 ppm at low water in late summer (Table 9). 
This seasonal difference was not apparent in the Green River above the 
Yampa mouth since impoundment. Total alkalinity during April-November 
was 135-160 ppm (Table 9). Below the confluence of the Yampa River, 
total alkalinity in the Green River was lowers during spring run-off and 
highest during low water. 
Conductivity 
Conductivity followed seasonal patterns similar to those observed 
in a lkalinity. Conductivity was between 600 and 800 micromhos/cm 
throughout the collecting period between the dam and the Yampa mouth, 
while in the Yampa River , it ranged from 140 micromhos/cm at high water 
in late spring to 650 micromhos/cm at low water in late summer (Table 9) . 
At I sland Park, conductiv1ty ranged from 240 micromhos/cm at high water 
to 800 micromhos/cm at low water. 
Hydrogen-ion concentration 
pH in the Green and Yampa Rivers ranged from 7. 6 to 8. 6, with most 
values between 8. 2 and 8. 4 (Table 9). No trends were apparent, and the 
pH values were similar to those reported by previous Green River surveys 
(Bosley, 1960; McDonald and Dotson, 1960). The pH values reported by 
the U. S . Geological Survey were slightly lower than those reported in 
the present study and the pre-impoundment surveys (Table 8). This 
discrepancy may be because the USGS water samples were not analyzed 
immed1ately but were stored for a time before analysis. 
Turbidity 
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Turb1dity was lowest (25 ppm; Jackson turbidity units) at Little Hole 
and highest ( 5000 ppm) at Island Park (Table 9). Water discharged from 
Flaming Gorge Dam was clear and nearly sediment -free, but tributaries 
downstream discharged heavy silt loads mto the river during spring run-
off or after heavy showers. Turbidity was highest during spring run-off 
and gradually decreased as summer progressed and water level receded, 
but s udden increases were not unusual due to increased discharge from 
the dam or to local showers. Between 1964 and 1966 mean annual turbid-
ity decreased in the Green River, possibly due to stabilization of bottom 
types resultmg from the absence of extreme seasonal flows. In 1966 , 
nearly all turbidity readings were less than 100 ppm. 
The dam's impact on turbidity was apparent as far downstream as 
the Jensen USGS station. The mean value of suspended sediment concen -
tration for the 12 years before impoundment was 1529 ppm, while the mean 
value for the first 4 years after impoundment was 870 ppm (Table 10) . 
Table 10 . Mean concentration of suspended sediments, Green River, 
Jensen, Utah, before and after closure of Flaming Gorge Dam 
(compiled from USGS data) 
Water 
year 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1960 
1961 
1962 
Mean 
Pre-impoundment 
Mean 
concentration (ppm) 
1930 
19:00 
1220 
2430 
1130 
984 
1400 
1930 
1280 
1722 
753 
162 0 
1529 
Post-impoundment 
Water Mean 
year concentration (ppm) 
1963 756 
1964 828 
19 65 1190 
19 66 703 
Mean 870 
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FISH DISTRIBUTION 
Distnbutwns of the selected indigenous species within their geo-
graphic ranges and Withm the study area before and after construction of 
Flaming Gorge Dam were described in the present study. Distributions 
of fishes in relabon to spec1fic river habitats m which they were found 
during the present post-Impoundment study were also described. 
Geographical Distnbunon Before 1964 
Because of the magmtude , remoteness , and rugged terrain of the 
Colorado River dramage, early Ichthyological surveys of the rivers were 
limited to accessible areas. Thus, records of the distribution and 
abundance of native fishes in many areas of this dramage before Man be-
gan to alter the nvers are rare . The few mentions of early occurrences 
and abundance of the selected species are found mamly in notes of early 
explorers , early IChthyclog1cal survey reports, and more recently, in re-
ports of pre- and post-Impoundment surveys of areas of major dam con-
strucnon. Five pre-impoundment surveys were made in the study area. 
1. McDonald and Dotson (1 960 ): Investigations by the Utah Depart-
ment of Fish and Game , conducted m July and August , 1959 , from the 
reservOir basin to 29 miles downstream from the dam site; gear consisted 
of gill nets , semes , and pnmacord; 
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2. Dotson2 : Fish collected with hook and line by Utah State De-
partment of Fish and Game personnel in August and September, 1960, and 
August, 1961 in the reservoir basin and just below the dam site; 
3. Banks ( 19 64): Collections made by students from Colorado State 
University, directed by Dr. Harold K. Hagen, from the Green River in 
Dinosaur National Monument, in 1962-1963, using gill nets, seines, 
rotenone, hook and line, and electrofishing gear; 
4. Azevedo (1962): Pre-eradication and post - eradication collec-
tions made by U. S. Bureau of Sport Fisheries and Wildlife personnel in 
Dinosaur Na tional Monument in July and September, 1962, using gill 
nets, fyke nets, rotenone, electrofishing gear, and hook and line; 
5. Binns et al. (1964): Collections by Utah State Department of 
Fish and Game personnel in Dinosaur National Monument in September, 
1962, using seines and electrofishing gear. 
Colorado sguawfish 
Earl y mention of the Colorado squawfish was found in accounts of 
the first explorers of the Green and Colorado Rivers. Accounts of taking 
this fish by hook and line occur in the notes of Colonel Ashley in his 
1825 trip (Morgan, 1964) and in Dellenbaugh ' s (1908) account of the sec -
and Powell expedit ion in 18 71. A photograph of two large squawfish and 
one bonytail chub taken by Robert Brewster Stanton on the Denver, Rio 
Grande, and Pacific Railway Survey in 1870 in either the Colorado or the 
lower Green River is found in Dellenbaugh (1908). The squawfish was 
2 Phil Dotson. Unpublished field data, Utah Department of Fish 
and Game, Salt Lake City, 1962 . 
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taken in many of the collections of the early ichthyological surveys made 
in the Colorado drainage (Evermann and Rutter, 1895). According to 
Gilbert and Scofield (1898) and Jordan ( 1891) , the squawfish was common 
in both the l ower and upper Colorado River basins . Jordon and Evermann 
(1934) indicated that it wa s common in the Green Rive r as far no rth as the 
town of Green River, Wyoming. Miller (1955) reported that it was an im-
portant food fish for Indians in the lower Colorado River. 
Local residents of the Vernal, Utah, area in 1964-1966 s tated that 
the squawfish was formerly abundant in the Green Ri ver , and many re-
lated accounts of large specimens caught and occa s ional photographs may 
sti ll be found (Figure 9). An early photograph of a large squawfish taken 
from the river at Jensen, Utah , appeared in Builders of Uintah (Daug hte rs 
o f the Utah Pioneers, 1947} where it was reported that these l arge "white-
fish" were once plentiful in the Green River , and that the largest one 
caught weighed 52 pounds. 
By the middle of the 20th Century , the distr ibution and abundance 
of this fish were rapidly becoming reduced from its form er state (Miller, 
1961 ; Sigl er and Miller, 1963). Dill (1 94 4) re ported that it was scarce in 
the lowe r Colorado River, and Wa lli s (1 950) stated that it was rare in 
Lake Me ad. Jonez and Sumner (1954) found no squawfish in Lake Mead 
and described its occurrence in Lake Mohave as rare. According to 
Kimsey (1957) , the s quawfish has been "virtually eliminated" in the lower 
Colorado River by impoundment and control of the river. Binn s (1965) 
attributed its disappearanc"l in the upper Green River t o industrial 
Figure 9 . Large squawfish taken from the Green River near Je nsen, 
Utah , in 190 7 (photo courtesy of Mrs. Robert C . Thorne, 
Vernal, Utah). 
38 
39 
pollution. Only small numbers of squawfish were collected in the pre-
1mpoundment surveys of the NavaJO Dam area of the San Juan River (Olson, 
1962) and in the Glen Canyon Reservoir area of the Colorado River 
(McDonald and Dotson , 1960). Several specimens have been taken in 
Lake Powell by anglers , 3 but survival of this species in this reservoi r 
seems unlikely, as it apparently is unable to adapt to reservoir conditions. 
Prior to the completion of Flaming Gorge Dam, numerous squawfish 
were taken in the reservou basin and just below the dam site. 4 Bosley 
(1960) collected several fish in the upper reservoir basin in 1959, but 
Binns (1965) found none in this area in 1962. Several specimens were 
collected from the Green River in Dinosaur National Monument in 1961-
1962 (Banks, 1964) , and Utah State Department oi Fi sh and Game person -
nel reported that young squawfish were common in Monument waters late 
in 1962. 5 
Colorado chub 
The Colorado chub was reported to be common throughout the Colo-
rado drainage by early collectors (Chamberlain, 1904; Evermann and 
3Tn terview with Roderick Stone, Fishery Biologist , Utah Stat e De -
partment of Fish and Game, February 9, 1967. 
4 Phil Dotson . Unpublished data, Utah State Department of Fish 
and Game , Salt Lake City, 1962. 
5 
Rod Stone. Unpublished data, Utah State Department of Fish and 
Game, Salt Lake City, 1962. 
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Rutter, 1895; Gilbert and Scofield, 1898; Jordon, 1891) . Miller (1 961) be-
h e ved that this species was decreasing in abundance due to Man's modi-
fication of rivers. However, it is s t ill readily collected in most parts of 
its range and has apparently adapted to reservoir conditions. It has been 
collected in Lakes Mead and Mohave (Jonez and Sumner, 1954; Melander , 
1964) , Navajo Reservoir (Olson, 1965), Flaming Gorge Res ervoir 
(Eiserman et al., 1967), and Lake Powell (Stone eta!., 1966). It has 
been commonly found in the study area in recent years (McDonald and 
Dotson, 1960; Stone, 6 Franklin, 7 1963; Banks, 1964) . 
Humpback sucker 
The humpback sucker was commonly taken by early collectors 
(Chamberlain, 1904; Evermann and Rutter, 1895; Jordon, 1891), and was 
utilized as a food fish by early Indian s (Miller, 1955). It was reported 
to be common in the lower Colorado River (Kimsey, 1957) and was a bun-
dant in reservoirs (Douglas, 1952; Jonez and Sumner, 1954; Melander , 
1964). According to Hubbs and Miller ( 1953), it was uncommon and be -
coming scarce in the upper Colorado basin. It was rare in the Green River 
in Wyoming (Bos ley , 1960; Binns, 1965) , and was reported to be rare in 
Dinosaur National Monument by Hagen (1962) . 
7 D. R. Franklin. Unpublished data, Utah Cooperative Fishery 
Unit, Logan, Utah, 1963. 
41 
Bluehead sucker and flannelmouth sucker 
The bluehead and flannelmouth suckers are endemic and have been 
commonly found throughout a large portion of the Colorado drainage in-
cluding the Green River before 1962 o They have been reported to be com-
mon in the study area by pre-impoundment survey s (McDonald and Dotson , 
1960; Banks, 1964} o Concern has not been raised regardin g the status of 
these species as it has for the three above-mentioned species 0 
Distnbution Within the Study Area, 1964-1966 
The only native species collected from the first 7 miles below the 
dam after impoundment was the flannelmouth sucker (one adult specimen) o 
Farther downstream, in the Bridgeport area, approximately 17 miles below 
the dam, the fish fauna was more diverse, a lthough probably sti ll rela -
tively depauperate (three native species present) compared to pre-impound -
ment conditions (Tables 11 and 12) o The Colorado squawfish and the 
humpback sucker, which were found in this area before the dam was con-
structed, were not found above Echo Park, 65 miles below the dam, after 
1962 0 The Colorado chub, present between the dam site and Browns Park 
before impoundment, was not t aken in this study above Lodore, wh ere it 
was uncommon 0 Rainbow trout, introduced by the Utah State Department 
of Fish and Game and the Colorado Game, Fish, and Parks Commission, 
was the most abundant fish in the Little Hole -Browns Park a rea and was 
found downstream as far as Echo Park 0 
Table 11. Occurrence of indigenous and introduced fish species before the closure of Flaming Gorge Dam, 
ex(lressed as (lresence or absence in (lre-im(loundment surveys. a 
Location 
Little Willow Echo Island Split 
Hole Bridge(lort Creek Lodore Park Park Mountain 
Indige nous Species 
Prosopium williamsoni 0 0 0 0 0 0 0 
Gila robusta 1 4 4 4,5 4,5 3' 5 
Ptychocheilus luc ius 2 0 0 5 4,5 4,5 3 ,5 
Rhinichthys osculus l 0 4 4 4' 5 4,5 5 
Catostomus latipinnis 0 1 4 3' 5 4,5 4 3,4 
Pantosteus del(lhinus 0 0 4 4 4,5 4 3' 4 
Xyrauchen texanus 0 0 4 4 3 0 4 
Catostomus X Xvrauchen 0 0 0 4 4 0 4 
Cottus bairdi 0 0 0 0 0 4 0 
Introduced Species 
Salmo trutta 0 0 0 0 0 0 0 
Salmo gairdneri 0 0 0 0 0 0 0 
Cyprinus carpio 0 0 1 ' 4 3 ,4 4,5 4,5 3' 4 
Gila atraria 0 0 0 0 0 0 0 
Pimephales promelas 0 0 4 4 4 0 0 
Richardsonius balteatus 0 4 4 4 4 4 4 
Semotilus atromaculatus 0 0 0 0 0 0 0 
Catostomus commersoni 0 0 0 0 0 0 0 
Ictalurus ()Unctatus 0 4 4 4 4 4 
Ictalurus melas 0 0 0 4 0 4 
Lepomis cyanellus 0 0 0 0 0 0 0 
Stizostedion v. vitreum 0 0 0 0 0 0 3 
ao =not reported; 1 =McDonald and Dotson (1960}; 2 =Phil Dotson, Unpublished field data, Utah State 
Department of Fish and Game; 3 =Azevedo (1 962), 4 =Banks (1964); and 5 =Binns et al., (1964). 
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Table 12. Relative abundancea of indigenous and introduced species after closure of Flaming Gorge Dam 
(data from 12resent study) 
Little Bridge- Willow Echo Island Split 
Hole !20rt Creek Lodore Park Park Mt. Ouray 
Indigenous species 
Proso12ium williamsoni 0 0 0 0 R 0 0 0 
Gila robusta 0 0 0 Oc c c c R 
Ptychocheilus lucius 0 0 0 0 Oc Oc Oc Oc 
Rhinchthys osculus 0 R Oc c A A A Oc 
Catostomus l ati12innis R Oc Oc A A A c Oc 
Pantosteus delphinus 0 Oc Oc c c c A R 
Xyrauchen texanus 0 0 0 0 Oc Oc Oc Oc 
Catostomus x Xyrauchen 0 0 0 Oc Oc Oc Oc 0 
Cottus bairdi 0 0 0 0 R 0 0 0 
Introduced species 
Salmo trutta 0 Oc 0 0 R 0 R 0 
Salmo ga irdne ri A A c c R 0 0 0 
Cy12rinus c ar12io 0 Oc Oc Oc Oc Oc Oc A 
Gila atraria 0 R 0 0 0 0 0 0 
Pime12hales 12romelas Oc A c c c c c Oc 
Richardsoniu s balteatu s R c c c A A c Oc 
Semotilus atromaculatus 0 Oc Oc 0 R 0 R 0 
Catostomus comme rsoni 0 0 0 Oc Oc 0 0 0 
Ic talurus 12unctatus 0 R 0 Oc c c c c 
Ictalurus melas 0 R D D R De R R 
Le12omis cyanellus D D D D R R R R 
Stizostedion ~ · vitreum 0 D D D R 0 R R 
ao = Not taken; R = Rare; De = Occasional; C = Common; A = Abundant 
"' w 
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Fish species composition has not changed in the Green River down-
stream from its confluence with the Yampa o All native species known to 
have occurred in Dinosaur National Monument prior to impoundment were 
readily collected from the river in this lower area of the Monument 0 Sev-
eral species (in addition to trout) were collected that were not reported 
in pre-impoundment surveys o These were Rocky Mountain whitefish 
(Prosopium williamson!), the Utah chub (Gila atraria), creek chub 
(Semotilus atromaculatus), white sucker (Catostomus commersoni), and 
green sunfish (Lepomis cyanellus) 0 With the exception of the whitefish, 
these species are all exotics 0 The occurrence of these fishes in the post-
impoundment collections probably reflects the more intensive sampling 
efforts rather than any change in species composition o Brown trout 
(Salmo trutta) taken in the Monument in 1966 were probably washed out of 
Jones Hole Creek 111 a severe flash flood in early July 0 
The humpback chub, Gila~ (whose taxonomic status is uncer-
tain), was not collected in this study o Although no specimens were re-
ported in the five pre -impoundment surveys (Table 11), humpback chubs 
were taken in Flaming Gorge Reservoir basin in 1959 (Smith, 1960) and at 
Echo Park in 19630 8 Miller (1946) believed that this form, because of its 
nuchal hump, large fins, inferior mouth, and flattened head, was w e ll-
adapted for life in swift current near the bottom o Apparently the humpback 
8 oo R 0 Franklin o Unpublished data, Utah Cooperative Fishery Unit, 
Logan, Utah, 1963 0 
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chub is presently rare in the Green River within Dinosaur National Monu-
ment , but it has not been established that it ever was common here 0 
The hybrid sucker (Catostomus latipinnis x Xyrauchen texanus) was 
not uncommon , and morphological characters of specimens taken were 
intermediate between the two parental species which agreed with the de-
scription by Hubbs and Miller (1953). Only one specimen of the indig -
enous mottled sculpin (Cottus bairdi) was collected from the Green River 
(at Island Park) in t he pre-impoundment surveys (Banks, 19 64) 0 In the 
present study, five sculpin were taken at Echo Park and one was taken 
near the mouth of Jones Hole Creek in Whirlpool Canyon o 
On the basis of numbers in the post-impoundment collections , the 
most abundant species in the Green River in Dinosaur National Monument 
were the redside shiner (Richardsonius balteatus) and the speckled dace 
(Rhinichthys osculus), while the species comprising the greatest biomass 
was the flannelmou th s u c ke r (Catostomus latipinnis) o Smith (1960) re-
ported that the speckled dace was the most abundant native fish in Flam -
ing Gorge Reservoir basin prior to impoundment o 
The species composition of fish populations in the Green River in 
Wonsits Valley , immediately below Dinosaur National Monument , was 
very different from that found in the Monument. Carp (cyprinus carpio) 
were very abundant here, while the Colorado chub, speckled dace, 
flannelmouth sucker , and bluehead sucker, which were all common up -
stream in the Monument , were relatively uncommon in Won s i ts Va ll ey o 
The Colorado squawfish and the humpback sucker, however, were common 
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and as abundant as in Monu me nt waters . 
Ftsh Dtstnbutwn by Habitat 
Several fee.tures of the habitat were recorded for each fish collec -
tion made . Bottom type was categorized according to Lagler' s classifi-
cation (1956 , p. 243). Current speed was described as follows: slow--
less than l ft. per second; moderate--from l to 2 feet per second; and 
fast--over 2 feet per second These current speeds were visually esti-
mated after expenence had been obta ined measuring currents with a sonic 
current meter. On the basts of varying depth, current speed, and bottom 
types, five general habits (similar to those listed by Woodbury et al., 
19 63) were recognized m the river , although considerable intergrading 
occurred among them and narrow boundaries were difficult to draw . 
1. Still wate · shallow pools with no current and generally loose 
sand, silt , o~ muck bottoms; typically pools on bars isolated by drop in 
water level , o~ peal s behind bars still connected to the main river. 
2. Pools : water with slow current , varying depths, usually sand 
or silt bottoms , and located m the main river channel; commonly occurring 
above and below riffles. 
3. Eddies : water with slow current that is counter to the main cur-
rent; typically occurring below riffles , adjacent to the main current ; 
varymg depths , generally with silt bottoms. 
4 . Runs: occurrmg in the main channel, with slow to moderate cur-
rent and varying depth; bottom typically rubble, gravel, or sand. 
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5. Riffles: relatively shallow stretches with fast current over boul-
d er , rubble, or gravel bottoms. 
Effectiveness of the various types of gear varied with the different 
habitats . The electric shocker was the only effective means of sampling 
f is h in riffle areas, and was very effective in shallow runs. Gill nets 
were successfu lly used in pools, eddies, and slower runs. Straight 
seines were used to sample still water, shallow pools, and slower runs. 
Colorado squawfish 
Squawfish were collected from a variety of pools, eddies , and runs, 
and were taken by all types of gear (Table 13). Most adults were taken 
in pools and eddies, although several were taken in runs with slow or 
moderate current, and over soft and hard bottoms. Several larger adults 
were found in shallow, quiet water near shore. No squawfish were taken 
in fast water. Young squawfish (a ges 0 - II) were found in still water 
and shallow pools near shore where current was slight or lacking. over 
silt, sand, and occasionally over gravel or small - rubble bottoms. Adult 
squawfis h generally were collected individually rather than in groups . 
Groups of large squawfish have been observed be low Flaming Gorge dam -
site, 9 at Echo Park, 10 and in the Yampa River at Lily Park . 11 Schooling 
gPhil Dotson. Unpublished data, Utah Department of Fish and 
Game, SaltLakeCity, 1962. 
10rnterview with Leonard Casterline, Park Ranger, Dinosaur National 
Monument, August 15, 1966. 
11Letter from Rex Taliaferro, Fish Project Supervisor, Colorado De-
partment of Game, Fish, and Parks, November 9, 1966 . 
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Table 13. Numbers of Colorado squawfish in various length groups taken 
by the different types of gear, Green River, 1964-1966 
Le ngth (mm.) Fry geara Seine Gill net Shocker Hook and line 
15- so 8 890 0 0 0 
51-100 0 447 0 0 0 
101-200 0 20 26 4 0 
201-300 0 4 2 l 2 0 
301-400 0 0 14 6 0 
401-610 0 0 13 12 2 
- - - - -
Total no . taken 8 1361 74 24 2 
a fry gear consisted of food strainers, tow nets, and modified scoop 
shovel. 
may be related to spawning activity. 
Two adult squawfish were taken in the Flaming Gorge pre-impound-
ment survey by McDonald and Dotson (1960) and both were gill-netted in 
a deep pool. Chamberlain (1904) reported that this fish ordinarily lies in 
deep holes, especially below riffles. Banks (1964) stated that this 
species was found above rubble and rock and combination bottom types. 
Colorado chub 
Colorado chubs were generally found in pools and eddies in the 
absence of, although occasionally adjacent to, strong current, and at 
varying depths generally over silt or silt-boulder bottom types. These 
fish were taken by vanous types of gear, but gill nets were especially 
effective in capturing larger specimens (Table 14). Chubs were often 
taken in gill nets immediately below the water surface, probably while 
they were feeding at the surface as they were often observed to do. 
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Table 14. Numbers of Colorado chubs in various length groups taken by 
th e different type s of gear, Green River, 1964-1966 
Length (m m.) Fry geara Se in e Gill net Shocker 
15- 50 9 122 5 0 0 
51-100 4 739 4 0 
101-200 0 50 102 4 
201-300 0 1 29 
301-390 0 0 73 14 
------ - - - - - - - -
Total no. taken 13 2015 208 19 
aFry gear consisted of good strainers, tow nets, and modified scoop 
shovel. 
Chubs were not collected in sw1ft water. No difference in habitat selec-
tion could be detected between the round tail and the bonytail, nor where 
any seasonal changes in habitat occurrence observed. Young fish (ages 
0 - II) were commonly tak en in still water or shallow pools over silt and 
occasionally taken over grave l or small-rubble bottoms. Adult chubs 
were captured indiv idually or in groups. Often two or more chubs of the 
same taxon but not of different taxa (roundtail or bonytail) were taken in 
close proximity to each other in a gill net and all fish were orientated in 
the same direction. 
Bosley (1960) reported that Colorado chubs preferred s low to mod-
erate stream flow and sand-silt bottom conditions. Franklin l2 reported 
that large numbers of Colorado chubs were collected in the White and 
upper Colorado Rivers in quiet-water pools which were often below riffle 
12o . R. Franklin . Unpublished field notes, Utah Cooperative 
Fishery Unit, Logan, Utah, 1964. 
so 
areas. It has been suggested that the bonytail chub prefers "swift-water" 
habitat (Miller, 1946; Beckman, 1952) because of its "streamlined" body 
form and large fins, wh1ch supposedly represent adaptations to torrential 
flow. 
Humpback sucker 
This species was taken in shallow pools and slow shallow runs 
where current was slow or nil. Most specimens were collected over soft 
silt bottoms, and none were collected in fast water. Simon (1951) also 
reported that this species was found in slow- moving parts of the stream 
and in muddy backwaters. Lemons 13 reported the occurrence of humpback 
suckers in slough areas adjacent to the Gunnison River. Hubbs and 
Miller (1953) believed that this fish, because of its abrupt nuchal hump, 
flattened breast, and depressed head, was adapted to upstream orienta -
tion in fast water. 
Bluehead sucker 
The bluehead sucker was most abundant in extensive riffle areas . 
These riffles were relatively shallow (approximately 2 to 4 feet deep) 
with boulder and large-rubbl e bottoms, and surface current speeds t ha t 
were measured as fast as 3 1/ 2 ft. per second . Bluehead suckers were 
also commonly found in runs with moderate current over rubble bars, and 
13Letter from David G. Lemons, Fishery Biologist, Colorado De-
partment of Game, Fish, and Parks, January 2 4, 1967. 
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occasionally were taken in pools and eddies. No significant difference 
in habitat occurrence between wide-peduncle and narrow-peduncle forms 
was noted. Young bluehead suckers (up to about 6 inches total l ength) 
were found in still water over silt bottoms and in slow, shallow riffle 
areas over gravel and small-rubble bottoms. 
Flannelmouth sucker 
The flannelmouth sucker was quite cosmopolitan in regard to habi-
tat, as it was abundant in slow and fast runs, in riffles, and also in 
pools and eddies. Young flannelmouths were found in habitats similar to 
those in which young bluehead suckers were found. 
AGE AND GROWTH 
The scale method was used to determine age and growth of the Colo-
rado squawfish and the Colorado chub. Five or six scales from each fish 
were placed between two glass slides, moistened with water, and en-
larged 68X with a microprojector similar to that described by Van Oosten 
eta!., (19 34). 
Annuli were formed in early June on squawfish and chubs. No fish 
taken before June 1 had formed an annulus for the current year and all 
fish taken after July 1 had formed a new annulus. If a fish had not formed 
an annulus for the current year, the e dg e of the scale was recorded as 
that year's annulus. The l ength of both the squawfish and c hubs at time 
scale formation was apparently between 35 and 40 mm; no scales were 
seen on fish under 35 mm total length. 
The use of the scale method to determine age and growth was vali-
dated for both species by use of the following criteria listed by Hile 
(1941): (1) increased number of annuli was accompanied by increased 
length of fish (Tables 15, 16, 17, 21, 22 , and 23); (2) modes in th e 
length-frequency distributions of small fish coinc ided with modal l engths 
of age groups based on scale readings; (3) lengths at the end of various 
years of life calculated from the scale measurements agreed with th e 
corresponding empirical lengths of younger age groups whose ages were 
determined by scale examination; and (4) there was good agreement among 
Table 15. Mean calculated total lengths and increments, Colorado sguawfish, Green River, 1964 
Yoa r Age Number Mean Mean calculated tota l length at annulus (mm) 
class <;lrQUtJ of fish length (mm) 2 3 4 5 6 7 8 9 10 
1963 25 82 47 
1962 II 142 40 88 
1961 III 7 156 35 76 126 
1960 IV 2 267 so 109 169 238 
1959 v 8 337 44 97 165 229 301 
1958 VI 4 425 54 118 183 274 352 404 
1957 VII 3 463 so 100 177 249 319 390 445 
1956 VIII 2 517 42 98 180 252 319 394 459 497 
1955 IX 3 530 51 99 147 201 290 374 436 482 513 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Grand average length 46 96 159 239 314 391 445 488 513 
Number of fish 49 30 29 22 20 12 8 5 3 
Average length increment 46 51 63 70 75 69 60 43 31 
Average calculated weight (g. )a 6 29 104 244 485 72 7 969 1130 
acalculated from length-weight regression . 
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Tabl e 16. Mean calcul ated tota l leng t hs and increments, Colorado sguawfish , Green R1ver, 1965 
Year Age Number Mean Mean ca lculated total length at annulus (mm) 
clas s group of fish l ength (mm) 2 3 4 5 6 7 8 9 10 
1964 25 65 39 
1963 II 29 100 37 83 
1962 III 4 176 37 80 139 
1961 IV 14 224 42 90 145 200 
1960 v 6 32 5 50 96 169 243 303 
1959 VI 7 379 49 103 172 234 298 351 
1958 VII 3 450 41 83 153 243 321 372 421 
1957 VIII 3 484 44 96 158 243 328 386 440 473 
1956 IX 2 541 55 114 177 235 295 375 445 485 527 
1955 X 2 553 48 110 171 268 328 398 462 SOl 527 545 
-- ----- ------ -- - ----- - - - - - - - - - - - - - - - - - - - - - - - - - -
----- --
G rand average length 4 1 90 157 226 308 369 440 484 527 545 
Number o f fish 86 70 41 37 23 17 10 7 4 2 
Average length increment 41 48 63 67 67 59 58 37 34 18 
Ave rage calculated weight (g . )a 1 5 28 87 230 404 701 944 1230 1360 
acalcu1ated from length-weight regression. 
Table 17 . Mean ca lculated total lengths and increments, Colorado sguawfish , Green River, 1966 
Year Age Number Mean Mean calculated total length at annulus (mm) 
c lass grOUj2 of fish length (mm) 2 3 4 5 6 7 8 9 10 11 
1965 l 91 42 
1964 II 8 12 9 51 96 
1963 III 5 178 45 93 147 
1962 IV 0 
1961 v 2 312 46 88 144 205 268 
1960 VI 5 409 49 112 191 283 342 390 
1959 VII 3 448 49 116 176 264 324 397 430 
1958 VIII 2 526 55 117 200 259 363 434 493 514 
1957 IX 2 542 46 118 179 253 339 400 458 495 533 
1956 X 3 591 58 124 201 276 385 449 504 532 565 583 
19 55 XI 610 48 102 185 269 372 464 507 532 564 583 600 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Grand average length 49 lOS 176 263 342 414 474 518 554 583 600 
Number of fish 32 31 23 18 18 16 ll 8 6 4 
Average length increment 49 56 68 79 78 63 49 28 35 18 17 
Average calculated weight (g . )a 8 40 140 3 19 580 885 1170 1440 1690 18 50 
aCalculated fron length-weight regres s ion 
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calculated length of fish of the same age groups in different years of col-
lection, calculated lengths of different age groups of the same or different 
year's collections, and calculated length of different age groups in the 
same year-class . A length-frequency analysis was also used to age 
young fish and to describe seasonal growth o 
Colorado Sguawfish 
Body-scale relationship 
The body - scale relationship was linear to a scale radius of about 
110 mm; however, above this length the slope decreased and the rela-
tionship was non - linear (Figure 10) 0 Therefore, the relationship was de-
scribed by two methods o From a scale radius of 2 3 to 110 mm a linear 
regression was fitted by lea s t squares: 
L=3o3+4o077S 
where L = total body length in millimeters and S = lateral scale radius 
X68 in millimeters 0 For the scale radii above 110 mm, a line was fitted 
by eye o A special nomograph (Car lander and Smith, 1944) was constructed 
to fit the linear relationship up to a scale radius of 110 mm and the non-
linear pattern over 110 mm 0 
Growth history 
Squawfish of all age groups from 0-XI were collected (Tables 15 , 16, 
and 17) o Mean total length at t ime of first annulus formation was 44 mm o 
Average annual increment increased to 73 mm in the fifth year, and then 
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it decreased gradu01lly (Figure 11) o No difference in growth between 
sexes was observed, 
A comparison of mean annual growth increments of the first 8 years 
was made between pre-impoundment years (1955-1962) and post-impound-
ment years (1963 -1965 ) (Table 18) 0 Annual growth of fish in all eight age 
groups was less after impoundment than before (.01 level of significance, 
sign test , Dixon and Massey, 1951) o This difference in annual growth 
rate was further described by a "goodness of growth" test, described by 
Hile ( 1941) o Annual variation i n growth was expressed as percentage 
deviation from mean annual increment of the period 1958-1965 0 The test 
indicated a steady decrease in growth during these years; in 1958, the 
growth increment was 19 percent above 8 -year average, while in 19 65, 
it had decreased to 27 percent below the average (Table 19; Figure 12) 0 
Table 180 Mean growth increments in pre-impoundment (1955-1962) and 
post -impoundment (1963-1965) years, Colorado squawfish, 
Green River, expressed as annual increments from ages I-VII 
Mean annual increment (mm) 
Year of Pre-impoundment Post-impoundment 
growth years years 
46 42 
2 53 47 
3 69 54 
4 73 67 
5 82 64 
6 71 56 
7 61 51 
8 41 33 
Table 19. Calculation of percentage deviation from mean annual mcrement of growth in total 
length of Colorado sguawfish, Green River 
Growth Growth Change %Change %De viation %Deviation 
earlier after in in from 1958 from mean 
year year Mean growth growth growth annual increment 
0.0 +19.0 (1958) 
1958-59 so 47 48.5 - 3 - 6.2 - 6.2 +12.8 (1959) 
1959-60 103 106 104 . 5 _._ 3 + 2 . 9 - 3 .3 +15. 7 (1960) 
1960 - 61 177 165 171 . 0 -12 - 7.0 -10.3 + 8 . 7 (1961) 
1961-62 249 223 236.0 -26 
-11.0 - 21.3 
- 2.3 (1962) 
1962 - 63 307 280 293 . 5 - 27 
- 9.2 -30 . 5 
- 11 . 5 (1963) 
1963-6 4 336 324 330 . 0 - 12 
- 3 . 7 -3 4. 2 
-15.2 (1964) 
1964 - 65 32 1 285 303 . 0 - 36 -1]. 9 
- 46.1 
- 2 7. 1 ( 1965) 
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Young fish growth 
Seasonal gmwth of the first three age groups were described (Figures 
13, 14, and 15). Young-of-the-year squawfish were most numerous in 
seine collections 3 to 6 weeks after spawning, and least common in fall 
collections. Yearlings were most abundant in seine collections made 
shortly after high waters began to recede in ea rly June, but became scarce 
as summer progressed. This apparent seasonal reduction in abundance of 
these young hsh was probably due to (in addition to mortality) decreasing 
susceptibilny to seining as a result of their increase in size . 
Fish in all three age-groups (O-Il) grew steadily throughout the 
season, and the length-frequency distributions of these groups clustered 
abou t their respective means with no significant overlap (Figures 13 and 
15). Ages assigned by the length-frequency analysis were in general 
agreement with the ages and lengths calculated from the scale analyses. 
Mean length of young-of- the-year fish in late August of 1966 was 24 mm , 
while in 1964 and 1965, mean lengths at this time were 18 and 15 mm, 
respectively. This size difference was probably due to an ea rli e r spawn-
ing season in 1966. Yearling squawfish in 1965 were smaller than those 
in 1964 at the beginning of summer, but by August they were longer than 
the 1964 fish had been. 
Age and growth of related species 
Taft and Murphy (1950) reported that the oldest Sacramento squaw-
fish taken in their study from the Sacramento River was 9 years old. The 
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mean calculated standard length at first annulus was 60 mm and the 
largest annual growth increment was 80 mm during the second year of 
life. 
67 
The largest northern squawfish taken in northern Idaho by Jeppson 
and Platts (1959) was a 13-year old female which had a total length of 
673 mm and a weight of 9 pounds. Jeppson and Platts also reported that 
this species grew most rapidly in the second and third years of life, and 
that the males grew slower than females. Casey (1962) reported that the 
northern squawfish in Cascade Reservoir, Idaho, attained its most rapid 
growth in its third year, and that the growth declined after the sixth 
year. The oldest fish was 11 years old and 476 mm standard length, but 
fish over 7 years old were rare in Cascade Reservoir. 
Colorado Chub 
Age and growth determinations of the Colorado chub were based 
upon scale samples from 333 specimens, including 49 roundtails and 67 
bonytails. Annuli were counted and scale lengths were measured in the 
anterior field . The largest and oldest round tail in this study was a 
7-year old fema le measuring 366 mm and weighing 393 grams. The o ldest 
and largest bonytail was 7 years old, 338 mm long, weighed 422 grams, 
and of unknown sex. 
Body-scale relationship 
The roundtall and the bonytail had differen t body-scale relationships 
68 
and were treated separately. Fish less than 200 mm total length were not 
identified to subspecies and were L<Sed in growth analyses for both sub-
species. The roundtail body-scale relationship appeared to be linear 
(Ftgure 16) and was described by the equation 
L=l0.5+1.12S 
where L = total body length in millimeters, and S = anterior scale radius 
in millimeters X68. Lengths at various annuli were back-calculated on a 
standard nomograph {Car lander and Smith, 1944). The body-scale rela-
tionship of the bonytail, however, was non-linear and was descnbed by 
three straight - lines {Figure 16). The lower and upper segments were de-
scribed by two linear regressions and the middle segment was fitted by 
eye since only one point occurred in this middle range. A special 
nomograph was constructed to fit the S-shaped curve and was used for 
back calculations. 
Growth history 
Colorado chubs of all age groups from 0 to VII were taken {Tables 
20, 2 I , and 22). The Colorado c hub was treated as one taxon through its 
third year of life. From age IV and above, the two subspecies were mor-
phologically distinct and growth was ca lculated separately. Growth 
curves for roundtails and bonytails were different (Figure 17). After the 
third year of life the bonytail grew faster than the roundtail and added its 
largest increment during the fourth year after which the increments de-
creased abruptly. Annual growth increment for the roundtail was greatest 
Table 20. Mean calculated total lengths and increments, Colorado chub, Green River, 1964 
Year Age Number Mean Mean calculated total length at annulus (mm) 
class group Taxon a of fish length (mm) 2 3 4 5 6 7 
1963 
1962 II 
1961 III 
1960 IV rt 
bt 
1959 v rt 
bt 
1958 VI rt 
bt 
1957 VII r t 
bt 
- - - - -
Round tail 
Grand average length 
Number of fish 
25 
ll 
1 
2 
9 
l 
2 
Averag e l ength increment 
Average calculated weight (g)b 
Bonytail 
Grand average length 
Number of fish 
Average l ength increment 
Average calculated weight (g)b 
art = roundtail; bt = bonytail 
73 
119 
315 
272 
334 
346 
363 
366 
- - - - - - - -
bcalculated from length-weight regression. 
51 
55 
56 
51 
52 
64 
57 
70 
55 
32 
55 
55 
36 
55 
99 
97 158 245 
109 155 200 245 
103 155 213 291 
115 173 225 276 324 
92 178 275 347 357 
125 194 237 284 324 350 
- - - - - - - - - ------- - - - - - - - -
106 174 221 269 324 350 
18 7 7 7 4 2 
47 58 47 48 45 26 
10 47 98 179 317 403 
100 157 222 297 357 
22 11 11 10 
42 56 73 77 10 
8 31 82 190 321 
"' <.D 
Table 21. Mean calculated total lengths and increments, Colorado chub, Green R1ver, 1965 
Year Age Number Mean Mean calculated total length at annulus (mm) 
class group Taxona of fish leng th (mm) 2 3 4 5 6 7 
1964 I 25 64 49 
1963 II 40 112 51 96 
1962 III 12 17 5 52 98 152 
1961 IV rt 6 229 56 116 166 204 
bt 3 330 67 119 164 2 58 
1960 v rt 5 288 61 116 183 231 2 68 
bt 17 345 62 99 149 220 313 
1959 Vl rt 4 324 63 110 169 223 263 302 
bt 12 364 62 110 172 291 339 356 
1958 VII rt 6 353 59 107 164 219 266 303 336 
bt 2 374 59 123 217 345 352 363 370 
- - - - - - - - - - - - - - - - - - - - - - - - -------
Round tail 
Grand a verage length 53 101 163 218 266 303 336 
Number of fish 86 73 33 2 1 15 10 6 
Average l ength increment 53 47 56 48 42 38 33 
Averag e cal culated we ight (g) b 9 38 93 173 2 58 356 
Bonytail 
Grand average length 55 100 160 256 326 357 370 
Number of fish 99 86 46 34 31 14 2 
Averag e length increm ent 55 45 56 93 70 16 7 
Average calculated weight (g)b 8 32 124 247 320 355 
art = roundta il; bt = bonytail 
bcalculated from length-weight regres sion. 
.._, 
0 
Table 22. ).,lean calculated total lengths and increments 1 Colorado chub, Green R1ver 1 1966 
Year Age Number Mean Mean calculated total length at annulus (mm) 
class group Taxona of fish length (mm) 2 3 4 5 6 7 
1965 I 30 59 48 
1964 II 30 116 so 88 
1963 III 44 162 56 96 141 
1962 IV rt 10 231 61 113 166 213 
bt 1 312 54 113 1 52 250 
1961 v rt 6 270 64 112 170 214 2 58 
bt 13 342 64 116 174 275 331 
1960 VI rt 4 334 65 118 181 237 278 322 
bt 7 357 68 115 203 284 319 348 
1959 VII rt 360 62 118 177 226 268 307 340 
bt 388 70 163 347 357 366 375 390 
- - - - - - - -
------- - - - - - - - - -
- ------
Round tail 
Grand average length 55 98 151 218 266 319 340 
Number of fish 107 94 65 21 11 5 7 
Average length increment 55 42 49 49 43 43 33 
Average calculated weight (g)b 9 30 93 173 302 367 
Bonytail 
Grand average l ength 55 99 157 280 329 351 380 
Number of fish 108 55 66 22 21 9 1 
Average leng th increment 55 42 54 90 49 27 5 
Average calculated weight (g)b 8 31 160 2 54 305 383 
art = roundtail; bt = bonytail 
bcalculated from length-weight regression. 
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Colorado chub (round:a ll and bonytail ) , Green R1ver . 
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during the first year and decreased gradually in following years. No dif-
ference in growth was observed between sexes. Considerable variability 
occurred among the various calculated lengths for the same annuli for both 
subspecies . 
Mean growth increments for the roundtail and bonytail were signif-
icantly smaller for the post-impoundment years than for the pre - impound-
ment years (sign test, . 01 level; Table 23) . A "goodness of growth" test 
(Hile , 1941) also indicated slower growth in post-impoundment years 
(1963-1965) for both roundtails and bonytails (Table 25, Figure 2) . Most 
rapid growth occurred in 19 62 when percentage deviation from the mean 
annual increment for the round tail and bonytail was +9. 4 and +7. 0, re-
spectively. Poorest growth was in 1965 when percentage deviation for 
the two forms was -13. 3 and -7. 6. 
Table 23. 
Year of 
growth 
1 
2 
3 
4 
1 
2 
4 
Mean growth increments in pre - impoundment (1958 - 1962) and 
post-impoundment (1963-1965) years, Colorado chub, Green 
River, expressed as annual increments from ages I to VI 
Mean annual increment (mm) 
Pre-impoundment Post - impoundment 
years 
Round tail 
59 
52 
58 
62 
Bonytail 
60 
46 
64 
92 
years 
51 
43 
48 
46 
51 
43 
60 
78 
Table 24. Calculat10n of percentage dev1ation from mean annual increment of growth 1n total length , Colo-
rado chub, (round tail and bonytail) 
Growth Growth Change % Change % Deviation % Dev1at1on 
earlier after in in from 1959 from mean 
year year Mean growth growth growth annual mcrement 
Roundtail 
0.0 + 2.4 ( 1959) 
1959-60 62 63 62.5 + + 1.6 + 1.6 + 4.0 (1960) 
1960-61 112 114 113.0 + 2 + 1 . 8 + 3.4 ... 5. 8 (1961) 
1961-62 169 175 172.0 + 6 + 3.6 + 7.0 + 9 . 4 ( 1962) 
1962-63 226 210 218 . 0 -1 6 - 7.1 . 1 + 2 . 3 (1963) 
1963-64 210 183 197 . 5 -2 7 -12.9 - 13.0 -10.6 (1964) 
1964-65 183 178 180.5 - 5 - 2 . 7 -15.7 -1 3 . 3 (1965) 
Bonytail 
0.0 + 2. 7 (19 59) 
1959-60 62 64 63 . 0 + 2 + 3.2 + 3 . 2 + 5. 9 (1960) 
1960-61 111 lOS 108.0 - 6 - 5 . 4 - 2.2 + . 5 ( 19 61) 
1961-62 168 179 173 . 5 + 11 + 6 . 5 + 4.3 + 7 . 0 ( 1962) 
1962-63 268 233 2 50 . 5 - 35 - 13.1 - 8 . 8 + 6.1 (1963) 
1963-64 233 242 237.5 + 9 + 3 . 9 - 4 . 9 - 2 . 2 (19 64) 
1964-65 242 229 235.5 -1 3 - 5.4 -10 . 3 - 7.6 ( 1965) 
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Young fi s h g rowth 
Se a s onal growth of the first three age groups was described by a 
le n g th-freque ncy analysis (Figure 18, 19, and 20). Young-of-the-year 
fi s h in 19 66 were longer than those in 1964 and 1965. The shape of the 
growth curve was similar for all three years , and increased length in 1966 
was probably due to earlier spawning . 
Growth of yearlings began in late May and ceased in October. The 
growth pattern was similar 111 1964 and 1965, while the 1964 fish having 
slightly longer mean lengths throughout the season. In June of 1966, 
ye arling chubs were smaller than those of the same age at corresponding 
times of the two previous years, but they grew faster and were longer by 
the end of the summer than yearlings of the two previous years. The 
faster growth of yearlings in 1966 may be related to lower numbers of fish 
in that ag e group that year (Table 26). 
Bluehead Sucker 
A length-frequency analysis was made of bluehead suckers less 
than 110 mm (Figures 21, 22, and 23) . Results indicated that this species 
reproduced successfully all 3 years. Young - of-the-year fish were approx-
imately 50 mm at the end of the fi r st year, and yearlings were approxi-
mately 90 mm at the end of the second year of life. 
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LENGTH-WEIGHT RELATIONSHIP 
Le ngth-weight relationships were described for Colorado squawfish 
and Colorado chubs collected in the Green River from 1964 to 1966. 
Colorado Sguawfish 
A linear regresion was fitted to Colorado squawfish length-weight 
data by the method of least squares: 
log W = -5.4177 + 3.126 log L 
where L = total body length in millimeters and W = weight in grams . The 
regression coefficient of 3. 126 was significan tly higher than 3 . 0 (t test, 
.01 le vel), which means that the weight of the squawfish increased 
slightly faster than the cube of its length. Casey (1962) reported that 
the length-weight regression coefficient (based on standard length) for 
the northern squawfish in Cascade Reservoir, Idaho, was 2.67. 
Colorado Chub 
Length-weight regressions were ca lcu lated separate ly for the two 
subspecies of Colorado chub, the roundtail (9. ~· robu sta) and the bony-
tail (9. ~ · elegans) since these forms were morphologically distinct 
(Figure 24). Fish shorter than 200 mm total length were used in both re-
gressions because they could not be separated into subspecies. The 
linear regressions were fitted by least squares: 
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roundtail: log W = -5.2462 + 3 .086 log L 
bonytail: log W = -4.7899 + 2. 860 log L 
85 
where L = total body length in millimeters and W = weight in grams . The 
hypothesis that the regression coefficients and the adjustment means 
were equal was tested by analysis of covariance , and all "F" va lues were 
significant at the . 01 level (Table 27}. Thus the roundtails and the bony -
tails had significantly different length-weight relationships. The round-
tails became heavier than the bonytails as body length increased. The 
calculated or theoretical mean lengihs were in general agreement with 
observed mean lengths, although the mean observed weights of the 
largest roundtails (above 300 mm total length} were overestimated by the 
regression. For example, the mean observed weight for the mean l ength 
of 366 mm was 409 grams, while the theoretical weight was 469 grams. 
This discrepancy resulted in a significantly higher mean square for the 
roundtail in the covariance analysis. 
Table 25. Ana lysis of covariance of Green River, Colorado chub length - weight relationship and tests of 
significance for homogeneity of variance, regression coeff icients, and adjusted mean squares, 
1964-1966 
Degrees Deviations from regression 
Source of of Regression Degrees of L: y2_-(L:xy)2 
variation freedom L: x2 L: x y ry2 coefficient freedom t::_x2 Mean square 
Bonytail ll . 4798 l. 3 721 3 .9295 2 . 8597 10 . 0056 .00056 
Round tail 14 . 5092 1.571 3 4.8744 3 . 08 60 13 .0 256 .00197 
Within 23 .0313 . 00136 
Reg. coef. 1 . 012 6 . 0126 
Common 25 .9890 2.9434 8 . 8039 2.976 24 .0439 .001 83 
Adj. means 1 .0310 .0310 
Total 26 .9922 2 . 9 62 7 8.9215 25 . 0749 
l. Tes t of s ignificance of the hypothesis that the mean squares for the roundtail and the bonytail are the 
same (homogeneity of variance) 
.00197 
F = . 00056 = 3.51* 
2. Tes t of significance of the h ypothesis that the regression coefficient is the same for the roundtail and 
t h e bonyta il 
~ 
F = . 00136 = 9 . 26** 
3. Tes t of significance of the hypothesis that the adjusted means for the roundtail and the bonytail are 
t he same 
Si gnifica nt at the . 0 5 leve l. 
** Sig nificant at the . 0 l level. 
.0310 
F = . 00183 = 16.94** 
00 
(1) 
FOOD HABITS 
Food habits of Colorado squawfish and Colorado chubs were in-
vest igated. Stomachs were taken from fish of all sizes captured in all 
t ypes of gear, and contents were analyzed with th e aid of a binocular 
microscope . Results were expressed in percentage occurrence of various 
food items utilized by different length groups of fish . Stomach contents 
from limited numbers of humpback suckers and bluehead suckers were 
also described. 
Colorado Squawfish 
The Colorado squawfish is generally recognized as a carnivore be-
cause of its great size, large mouth, and large pharyngeal teeth. It also 
has been reputed to take artificial lures as well as fish, mice, birds, or 
rabbits as bait (Beckman, 1952), but no detailed food habit studies have 
been published . Stomachs from 198 squawfish ranging in total length from 
1 5 to 598 mm were analyzed in the present study. 
Cladocerans, cope pods, and ch ironomid larvae w ere important food 
items for squawfis h up to SO mm total length and were not found in larger 
fish (Table 28). Insects became more important and diverse up to a total 
length of 100 mm, after which fish were the major food item. Fish were 
the only food 1tem found in stomachs of fish over 200 mm. The smallest 
squawf!sh containing fish was 50 mm. The fish species found most often 
88 
Table 26. Percentage occurrence of food items in Colorado squawfish 
stomachs Green River 1964-1966 
Total length (mm) 
Item 15-25 26-50 51-100 101-200 201-598 
Nematodes 0 0 5 0 0 
Crustaceans 
Cladocera (Bosmina sp . ) 27 14 0 0 0 
Copepoda 45 14 0 0 0 
Insects 
Ephemeroptera 
Nymph 5 0 8 9 0 
Adult 0 0 3 9 0 
Plecoptera (nymph) 0 0 5 0 0 
Thysanoptera (Adult) 0 5 0 0 0 
Hemiptera 
Corixidae (Adult) 0 0 11 18 0 
Coleoptera 
Larvae 9 5 2 0 0 
Adult 0 0 5 0 
Trichoptera (Larvae) 0 5 3 5 0 
Diptera 
Chironomida e 60 48 29 5 0 
Ceratopogonidae 5 14 0 0 0 
Unidentified larvae 0 10 3 0 0 
Unidentified Adult 0 0 2 0 0 
Hymenoptera (Adult) 
Formic1dae 0 0 3 5 0 
Unidentified 0 0 2 0 0 
Unidentified insects 23 29 23 18 0 
Fish 
Cyprinus carpio 0 0 0 0 3 
Gila robu s ta 0 0 0 0 4 
Richardsonius balteatus 0 0 2 0 6 
Pantosteus delphinus 0 0 0 0 1 
Unidentified 0 5 19 36 49 
Empty 5 5 13 27 39 
Parasitized (Cestoda) 0 0 11 27 65 
- - - - - - - - - - - - - - - - - - - - -- - ---
Total number of s tomachs 22 21 62 22 71 
89 
(50 percent of those identified) in squawfish stomachs wa s the redside 
shmer, but most fish remains were unidentifiable. Concurrent with in-
creased fish ut1hzation was increased frequency of empty stomachs, Of 
the stomachs from hsh over 200 mm , 39 percent were empty. The in-
creased percentage of empty stomachs in larger fish was probably due to 
more sporadic feeding habits o f these piscivorous fish. No seasona l 
(from June through September) o r geographic changes in diet were appar-
ent. 
Dotson 14 found that the majority of stomachs from 73 squawfish 
taken just below Flaming Gorge damsite were empty, and that fish were 
the main food item of squawfish 390 to 628 mm long. Banks (1964) ex-
amined stomachs from five squawfish from the Green River in Dinosaur 
National Monument; three were empty and the other two, which were from 
fish approximately 230 mm t otal le ngth, contained fish remains and 
Diptera and Trichoptera larvae. 
Taft and Murphy (1950) reported that the main food of Sacramento 
squawhsh l. 3 to 7. 0 inche s long (fork length) was aquatic insects . 
Casey (1962) reported that 60 percent of stomachs of northern squ awfish 
ran ging from 124-457 mm (fork length) in Cascade Rese rvoir were empty , 
and that insects and plankton were the main food items. 
Thompson (1959) reported that the northern squawfish in the lower 
14 Phil Dotson. Unpublished field data, Utah Department of Fish 
and Game, Salt Lake City, 1962. 
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Columbia River was omnivorous, and that its diet depended upon the 
availability of various items . Squawfish less than 8 inches long fed 
mainly upon insects; those from 8 to 11 inches fed mainly on insects and 
fishes; and those longer than 11 inches fed mostly on fishes on cray-
fish. A higher percentage of empty stomachs was found in smaller fish 
than in larger fish. 
Colorado Chub 
Stomachs from 307 Colorado chubs 15 to 390 mm total length were 
analyzed. Chironomid larvae and Ephemeroptera nymphs were the most 
important food items for the smaller fish. As they grew, Colorado chubs 
consumed a greater diversity of food items, including aquatic and ter-
restrial insects (Table 29). Principal food items of fish over 200 mm 
were terrestrial insects--mostly adult beetles , grasshoppers, and 
ants--which were commonly found floating on the surface. Colorado 
chubs were often seen feeding on surface drift material which consisted 
of terrestrial insects and plant debris. Plant debr is commonly found in 
stomachs included leaves, stems, seeds, woody fragments, and horse-
tail (Equisetum) stems. 
Fish longer than 200 mm were separated into the two taxa, the 
roundtail and bonytail. Eight percent of the roundtail stomachs contained 
fish remains, while no fish remains were found in bonytail stomachs . 
Colorado chubs shorter than 200 mm containing fish remains were a ll iden-
tified as roundtails . Of the roundtail stomachs examined, 35 percent 
Table 27. Percentage occurrence of food items in Colorado chub stomachs. Green River, 
1964-1966 
Colorado chub Round tail Bonytail 
Total l ength of fish (mm) 
Item l 5-2 5 26 - 50 51-100 101-200 201-370 201-390 
Plant debris 0 2 3 4 27 37 
Filamentous algae 5 0 3 4 17 26 
Nematodes 5 4 l l 0 3 
Oligochaetes 0 2 0 0 0 0 
Arachnids 
Araneae 0 0 0 0 0 3 
Hydracarina 0 0 3 2 0 0 
Copepods 5 7 0 0 0 0 
Insects 
Orthoptera (Adult) 
Locustidae 0 2 0 2 10 24 
Unidentified 0 0 0 0 8 14 
Ephemeroptera 
Adult 0 2 3 4 8 3 
Nymph 35 14 4 8 0 3 
Plecoptera 
Adult 0 0 l 0 8 3 
Nymph 0 0 l 0 0 0 
Odonata (Adult) 0 0 0 2 0 0 
Thysanoptera (Adult) 0 2 0 2 0 0 
Hemiptera (Adult) 
Corixidae 0 0 7 4 8 6 
Unidentified 5 5 0 0 3 
<.0 
Table 27 . Continued 
Colorado chub Round tail Bonytail 
Total l eng th of fish (mm) 
Item 15-25 26-50 51-100 101 - 200 201-370 201-390 
Homoptera (Adult) 0 0 0 0 11 
Mege1optera (Larva e) 0 0 0 0 0 
Col eoptera 
Adult 0 4 5 16 19 31 
Larvae 0 4 7 6 0 11 
Trichoptera (Larvae) 5 5 3 4 0 0 
Lepidoptera (Adult) 0 0 0 0 0 9 
Diptera 
Simu liidae (Larvae) 0 0 2 0 0 3 
Ceratopogonidae 
(Larvae) 15 2 0 0 0 0 
Chironomidae (Larvae) 50 21 16 8 0 3 
Unidentified Larvae 10 0 0 0 0 3 
Unidentified Adult 0 11 2 4 11 
Hymenotpera (Adult) 
Formicidae 0 7 16 24 17 20 
Unidentified 0 0 2 0 8 11 
Unidentified insect s 60 75 50 32 35 43 
Fish (Unident ified) 0 0 0 8 8 0 
Empty 5 4 16 32 35 11 
Parasitized (Cestoda) 0 0 0 0 23 0 
- - - - - - - - - - - - - - - - - - - - - - - - -
Tota l number of stomachs 20 57 115 50 30 35 
<.D 
N 
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were empty while only 11 percent of the bonytail stomachs were empty. 
It appeared that the roundtail was rather opportunist ic and sporadic in its 
feeding habits, taking fish, aquatic insects, and terrestrial insects , 
while the bonytail fed mainly on terrestrial insects, plant debris, and 
filamentous algae . No seasona l changes (from June through September) 
o r geographic differences in diet were indicated . 
McDonald and Dotson (1960) reported that the Colorado chub in the 
flam i ng Gorge Reservoir basin before impoundment was largely onmivorous 
with its diet including, in order of importance, terrestrial insects, plant 
matter , and fish . He also observed several chubs feeding at the surface 
in a floating mass of debris and woody fragments washed into the river by 
a heavy rainfall. 
Humpback Sucker 
Intestinal tracts from eight humpback suckers were analyzed . Most 
were packed with mud or clay containing chironomid larvae and plant 
stems and leaves. Jonez and Sumner (1954) found algae to be the most 
important food item for the humpback sucker in Lake Mead, while in Lake 
Mohave, chironomid larvae were the main food item. Dill ( 1944) reported 
that the intestinal tracts of four humpback suckers taken from the lowe r 
Colorado River were packed with silt that was rich in microscopic organ-
isms, especially diatoms and filamentous algae. 
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Bluehead Sucker 
The main food items found in the intestinal tracts of thi rteen adult 
blue head suckers were mud, filamentous algae, and chironomid larvae . 
Sigler and Miller (1963) described this species as a bottom feeder, uti liz-
ing it s c h ise l-like horny ridges inside the lips to scrape a lgae and other 
organisms from rocks and boulders. 
PARASITES 
Occurrence of intestinal and external parasites was noted during 
the stomach analyses of Colorado squawfish and Colorado chubs. Bass 
tapeworms, Proteocephalus ambloplites, were found in 65 percent of 
stomachs from squawfish longer than 200 mm (Table 28). This tapeworm 
was presumably ingested by squawfish when they ate fish infested with 
the plerocercoid stage of this cestode. It is not known whether this 
parasite is native to the Green River or was introduced with the channel 
catfish (Ictalurus punctatus) or other exotic species present. Dotson 15 
reported that approximately 80 percent of the squawfish stomachs that he 
examined were parasitized with tapeworms . 
Tapeworms were also found in 23 percent of stomachs from round-
tail chubs over 200 mm in the present study (Table 29) . These tapeworms , 
identified as Proteocephalus sp., were immature and not identifiable to 
species. 
The anchor worm, Lernea sp., was commonly found attached to the 
base of fins or on gills of the Colorado chub . Hagen and Banks (1963) 
reported this parasite on Colorado chubs and Colorado squawfish in the 
Green River in Dinosaur National Monument. 
15Phil Dotson. Unpublished data, Utah Department of Fish and 
Game, Salt Lake City, 1962. 
YEAR-ClASS STRENGTH 
Relative year-class strength of Colorado squawfish and Colorado 
chubs was estimated from total numbers of fish taken in each year class . 
Colorado Squawfish 
Year - classes of the Colorado squawfish were relatively strong in 
1959, 1951, 1963, 1954, and possibly in 1955, while year-classes were 
weak in 1952 and 1965 (Table 20) . Only 42 young - of-the-year were col-
lected in 1955, whereas 275 and 560 were collected in 1954 and 1956, 
respectively. In 1966, only one yearling from the 1965 year- c lass and 
no fish from the 1952 year-class were collected . 
Colorado Chub 
Colorado chubs were treated as one taxon up through age III, but 
those of age IV and over were divided into subspecies . Bonytails were 
more numerous than roundtails for the 1959, 1960, and 1961 year-
classes, while the round tails were more numerous in 19 57, 19 58, and 
1962 year - classes (Table 2 6). A particularly abundant year- c las s of 
Colorado chubs was produced in 1964, and 102 members of this year-
class were taken in 1966. 
Table 28. Number of Colorado sguawfish in 1955-1966 year-classes, Green River, 1964-1966 
Ye ar of 
capture 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 
1964 3 2 3 4 8 7 357 275 
1965 2 2 3 3 7 6 14 4 29 53 42 
1966 3 2 2 3 5 2 0 5 8 560 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total No 
taken 6 7 8 9 18 13 23 5 391 336 43 560 
Table 29. Number of Colorado chubs in 1957-1966 year-classes taken, Green River, 1964-1966 
Year of Year class 
capture Taxon a 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 
1964 rt 2 3 2 0 0 
bt 0 9 0 
c 2 4 11 l 0 11 257 389 
1965 rt 6 4 5 6 
bt 2 12 17 3 
c 8 16 22 9 12 40 605 269 
1966 rt 4 6 10 
bt 7 13 
c 2 11 19 11 44 102 152 230 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total no. 
taken rt 2 9 7 9 12 10 
bt 0 3 22 25 16 
c 2 12 29 34 28 34 341 1096 421 230 
art = roundtail; bt = bonytail; c = combined 
c.o 
co 
REPRODUCTION 
Spawning activities of the selected species had not been observed 
in the Green River and little was known of their reprodu ctive habits in 
genera l . Intensive efforts were made in this study to locate spa wning 
fish and their deposited eggs . Each adult fish collected was examined by 
gently squeezing its abdomen; if eggs or milt were shed, the fish was con -
side red to be ripe . 
Colorado Squawfish 
Time of spawning was indicated by the presence of fish in or near 
spawning condition in several collections although spawning was not ob-
served nor were eggs located. In 1964, a gravid female (a ge VII) was 
taken on August 4 . In 1965, one npe male (age VIII) was collected on 
August 1. In 1966, three ripe males (ages VIII, IX, and X), one gra vid 
female (age XI), and one spent female (age VII) were collected between 
June 29 and July 4, and another ripe mal e (age VII) was taken on July 20. 
These fish were found in pools, eddies, and slow runs over boulder or 
rubble bottoms. Males in spawning condition possess ed many small 
breeding tubercles on the head. Dotson 16 reported taking ripe male 
squawfish from the Green River just below the Flaming Gorge dam site on 
16Phil Dotson. Unpublished data, Utah Department of Fish and 
Game, Salt Lake City, 19 62 . 
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August 3, 1961. 
The length - frequency analyses for the young- of-the-year fish 
(Figures 13, 14, and l 5) provided supporting evidence that spawning oc -
curred during the per iods when ripe fish were taken. In all 3 years, post-
larvae 12 to 20 mm long were collected 3 to 4 weeks after the ripe fish 
were found . 
Water temperature and receding water level may be important spawn-
ing stimuli . The 1966 spawning period was abou t a month earlier than in 
1964 and 1965, and was probably due to the earlier rise of water temper-
atures (Figure 8) and recession of water level (Tables 4 and 5). In each 
year, the ripe fish were taken approximately one month after the water 
temperature had reached 65° F. 
Squawfish spawned successfully in the Green River in all 4 years 
since impoundment, but only below its confluence with the Yampa River . 
A poor year-class was produced in 1965. Few young-of-the - year were 
collected that year, and only one yearling was taken in 1966 . 
Sex was determined for most fish age V and older. The sex ratio 
was nearly even for fish of ages V and VI. After age VI, the females be-
came re latively scarce, as 20 of 24 fi s h that were age VII and older were 
males. Nearly all of the fi s h of age VII and o lder were sexually mature. 
Reproduction of the northern squawfish has been studied intensively 
in northern Idaho . Jeppson and Platts ( 1959) found spawning occurred in 
lakes and strea ms in sha llow water over rocks when the water temperature 
neared 600F . Keating (19 61) reported that squawfish in Cascade 
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Reservoir spawned ch1efly over large rubble in riffle a reas and at lower 
ends of pools in tributary streams at temperatures of 60°F and above . 
Casey (1962) repcrted that male and female squawflsh were sexually ma-
ture at ages TV or V, but no males older than age V were found, and fe-
males continued to spawn until age XII. Spawning was random over rub-
ble or rock, and each female was attended by severa l males. 
Taft and Murphy (1950) reported that the Sacramento squawfish 
spawned in April and May on rocks and gravel in streams. 
Colorado Chub 
Several Colorado chubs in spawning condition were gill-netted in 
this s tudy , but neither spawning sites nor deposited eggs were located . 
In 1965, three ripe males and one spent male (ages V-VTI) and two gravid 
females and one spent female (age VII) were collected. In 1966, six ripe 
males and two spent females (ages V-VT) were taken. Ripe males 
possessed small breeding tubercles on their heads and a bright reddish-
orange lateral band . A dull orange coloration was often observed on and 
at the base of the pectoral and pelvic fins of both sexes throughout the 
summer. All ripe fish were collected in sha llow pool s and eddi es ove r 
rubble or boulder bottoms covered with silt. Roundtails and bonytails 
were taken in spawning condition at the same time . They were never 
found together in the same gill-net set, however, so their spawning ac -
tivities may have been spatially separated but concurrent in time . In 
1965 , six of the seven fish collected in or near- spawning condition were 
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roundtails, whereas in 1966, six of the eight fish in this condition were 
bonytails. 
The length-frequency analyses (Figures 18 and 19) for young-of-the -
year in 1964 and 1965 and the presence of gravid and ripe fish in collec-
tions suggested that spawning occurred from late June to early July. In 
1966, however, the length-frequency analyses (Figure 20) and the pres -
ence of ripe fish in the collections indicated that spawning occured in 
mid-June. This earlier spawning period was related to the earlier temper-
ature rise and water-level recess ion. In all years, the water temperature 
was approximately 65°F during the suspected spawning periods. 
The Colorado chub spawned successfully in all 4 years since im-
poundment. No evidence of spawning success was found, however, in 
the Green River above its confluence with the Yampa River in 1964 and 
1966. This apparent absence of reproduction was probably due to lowered 
water temperatures due to increased discharges from the dam during t hese 
2 years. Water temperatures in the Green River above the mouth of the 
Yampa were well below 65°F, the suspected threshold temperature for 
spawning. Colorado chubs apparently reproduced at Lodore in 1965 when 
temperature patterns were similar to those below the Yampa mouth. Young -
of-the-year were collected at Lodore in 1965, and yearlings were taken 
t .1ere in 1966 . 
Sex was determined for fish of ages IV and older. Males consti -
tJted approximately 60 percent of all fish of both subspecies whose sex 
was determmed, although three of the five 7-year olds were females. 
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All age IV bonytails were sexually mature, but most roundtails were not 
mature until age VI. 
Jonez and Sumner (1954) described the spawning act of Colorado 
chubs in Lake Mohave . Approximately 500 bonytails were observed 
spawning over a gravel shelf up to 30ft. deep , in May of 1954. Each 
female had three to five male " escorts . " The adhesive eggs were broad -
cast on the gravel shelf. A gill net in the spawning a rea caught 42 ma les 
and 21 females ranging from 11 to 14 inches (fork length) . A 12-inch 
female contained an estimated 10,000 ripe eggs . 
Humpback Sucker 
A ripe male humpback sucker with a bright orange latera l band was 
taken on June 20, 1964 at a water temperature of S7°F , and six days 
l ater a ripe fema le was t aken in 67°F water. Both fish were found in 
shallow pools with soft silt bottoms . Spawning was not observed, and 
no juvenile humpback suckers were coll ected during the present study. 
Doug las (19 52) described humpback sucker spawning activities in a 
bay of Lake Havasu in March of 1950. Several spawning groups consist-
ing of one fe male and several mal es were observed at wate r temperatures 
from 58°F to 68°F . Jonez a nd Sumner ( 1954) described humpback s ucke r 
spawning activities in Lakes Mead and Moha ve . In Lake Mead, this fish 
spawned between March 1 and April 15 when water temperatures ranged 
from 54° to 65°F. Spawning occurred a lon g gravel shores at depths of 
2 to 15 ft . In Lake Mohave, humpback suckers were observed spawning 
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in May in a gravel-bottom cove at depths to 20 ft . The transparent eggs 
adhered to gravel. Sex ratio in a sample of 70 fish taken with rotenone 
was 8 males to 1 female. 
Bluehead Sucker 
In 1965, two ripe males and two ripe females were taken from 
July 1 to 7, and in 1966 five ripe males and two ripe females were collect -
ed from June 11 to 14. These fish were taken in pools with silt-boulder 
bottoms and in slow runs over rubble bottoms. Both morphological forms, 
wide peduncle and narrow peduncle, were found in spawning condition at 
the same time, but were not co llected together in the same immediate 
area . Th e e arlier spawning period in 1966 was probably du e to warmer 
water temperatures. As observed in the Colorado chub , young - of-the-
year were only collected above the Yampa River mouth in 1965. Below th e 
Yampa confluence spawning was successful all 4 years since impoundment. 
MOVEMENTS 
Flannelmouth and blue head suckers were selected for movement 
studies because they were abundant and readily collected. All Colorado 
squawfish and Colorado chub specimens were needed for life history and 
morphological studies. Originally I had not planned to use the humpback 
sucker for marking since these species was reported to be rare in the 
study area {Smith, 1960; Hagen, 1962), but when I learned that this 
species was not uncommon in the area and after an adequate sample had 
been preserved for museum collections, this fish was also marked andre-
leased. 
A total of 615 fish were marked and re leased during the three s um-
mers (Table 30) . Fish were fin-clipped or marked with numbered Petersen 
disk tags . Release points were distributed as follows: one at Lodore, 
three at Echo Park , two at Island Park, and two at Split Mountain. Each 
release point was identified by a distinctive fin - clip. Petersen disk tags 
were attached to the back of the fish beneath and slightly posterior to the 
dorsal fin. Fish over 6 inches total length were used for finclipping, and 
over 10 inches for tagging. Fish taken by e lectrofishing, gi ll nets, and 
seines were used for movement studies. The assumption was made that 
the manner of capture, handling, and marking did not alter the fish's 
normal behavior pattern when released . Gerking (1953) concluded that 
the effects of electric shock and finclipping on movement behavior were 
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Table 30. Summary of marking and recapture studies on three species of 
suckers, Green River, 19 64-1966 (number of recaptures in 
Number Pe rcentage of reca~tures taken 
S~ec1es fincl!~~ed tagged U~stream Same location Downstream 
Flannelmouth 300(25) 86(6) 16 26 58 
Blue head 128 (9) 88 (3) 33 42 25 
Humpback 6(2) 7 (2) 0 25 75 
nagligible in his study of bluegills. The Petersen disk tag was selected 
for marking because of its general acceptance as a valid marking tech-
nique (Chadwick, 1966) and because a tagged fish is easily recognized 
and more susceptible to gill-net capture . The main disadvantage of this 
method is that the tag does not leave much room for growth but this was 
not an important factor since this study lasted only 2 1/2 years . Flan-
nelmouth and bluehead suckers recaptured 2 years after tagging were in 
good condition. 
Flannelmouth Sucker 
Of 386 flann e1mouths marked and released, 31 were recaptured . A 
significant downstream movement was indicated , as 18 marked fish were 
taken from 1/4 to 27 miles downstream from the release point . Eight were 
recaptured in the immediate vicinity of the release point, and 5 fish were 
recaptured 1/2 to 22 miles upstream from the release point . The majority 
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of the recaptures (21) were taken within one mile of the release point, 
whlle 7 fish moved distances of over 10 miles . The longest distance be-
tween point of release and point of recapture was 27 miles, which was 
observed for two fi sh that were finclipped at Echo Park and captured again 
downstream at Green River Campground. Other long-distance moves in-
cluded a fish that was tagged at Echo Park on August l, 1965, andre-
captured 6 weeks later at island Park, 13 miles downstream; a fish that 
was tagged at I sland Park on September 14, 1965, and recaptured at 
Echo Park , 13 miles upstrea m, on June 30, 1966; and a fish that was f in -
clipped at Lodore in July, 19 64, and recaptured in August, 19 66 at the 
confluence of the Yampa River, 22 miles downstream. The recapture data 
were insufficient to relate movements to sex, season, or size of fish. 
Since the flannelmouth sucker displayed considerable variability in its 
degree of movement, these Green Ri ver populations may consist of 
"sedentary" and "mob1le" individuals, as described by Funk (1955) for 
Missouri stream fishes. 
Bluehead Sucker 
On the basis of 12 recaptures of 216 bluehead suckers marked and 
released, this species appeared to be slightly less mobile than the 
flannel mouth, although the data are limited . F'ive fish were captured at 
the release point, and six that moved were taken within one mile of the 
re lease point. The greatest movement was by a fish that was finclipped 
at Echo Park and later taken 13 miles downstream at Island Park. 
Humpback Sucker 
Four recaptures of 13 released fish indicated slight downstream 
movement. Three fish were taken within one mile downstream and the 
other was recaptured at the release site. 
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DISCUSSION 
A valid comparison between pre- and post-impoundment Green River 
fish populations is difficult because of a lack of detailed pre-impound-
ment studies. The species composition in Flaming Gorge Reservoir basin 
as reported by the pre-impoundment surveys was very similar to that in 
Dinosaur National Monument in both pre- and post -impoundment collec-
tions. Though few pre-impoundment collections were made from the dam-
site to Browns Park (2 6 miles}, it seems reasonable to assume that the 
species composition in this area was similar to that in the reservoir 
basin before 1963. If this assumption is correct, the most notable changes 
in species composition after impoundment have been the disappearance of 
Colorado squawfish, Colorado chub, and humpback sucker, and the ap-
pearance of rainbow and brown trout. Species composition in the rive r 
from Browns Park to Echo Park have been altered to a lesser degree, but 
composition of fish populations were still considerably different from those 
below the Yampa mouth. 
The primary factor responsible for the major change in the fish 
fauna in this area was most likely the change in annual water temperature 
pattern imposed by the dam. Since impoundment, water temperatures at 
least as far downstream as Little Hole (7 miles below the dam} have not 
reached the mid 600p range in which the native cyprinids and catostomids 
spawned farther downstream below the mouth of the Yampa River. In two 
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of the four summers since impoundment (1964 and 1966), summer water 
temperatures in the Green River above the mouth of the Yampa did not 
reach this temperature range assumed necessary for spawning. The im-
pact of other major environmental changes resulting from dam closure 
such as alteration of seasonal flow pattern and reduction of turbidity is 
unknown. 
No consistent relationship between annual discharge and year-
class strength of squawfish and chubs was apparent. In 1963, the first 
year after dam closure when flow was extremely low, a particularly 
abundant year-class of squawfish was produced. Weak year-classes were 
produced in 1962 and 1965. In 1964, a year of relatively high discharge , 
an abundant year-class of chubs was produced. No exceptionally weak 
year-classes were mdicated for chubs. 
The apparent reduction of growth rate of the Colorado squawfish 
and the Colorado chub from pre- to post-impoundment years may have 
been a result of lower or h1gher water temperatures than those before im -
poundment. During 4 years (1957-1959; 1962) before dam closure, mean 
temperature at the Jen sen USGS station was above 60°F for approximately 
115 days of the year . Post-impoundment summer temperatures deviated 
considerably from the mean of the 4 pre-impoundment years. Number of 
days with water temperature above 60°F in 1963, 1964, and 1965 were, 
respectively, 147, 103, and 83. Thus, the temperatures of the post-
impoundment years may have been less favorable for growth than were 
temperatures of the pre-impoundment years. Other possible explanations 
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of the apparent reduction of growth may have been: ( 1) survival rate of 
faster-growing fish was higher than that of slower - growing fish; thus the 
sample of older fish would be biased toward faster growth during ea rlier 
calendar years, or (2) earlier annuli on older fish were missed or incor-
rectly interpreted. 
The very large squawfish specimens that were found in the Green 
River in the past have not been reported in recent years, and the largest 
squawfish taken in the present study weighed only 5 pounds. It is not 
known whether this apparent absence of large fish is due to reduction of 
growth rate o r to shortened life span. The complete disappearance of 
these large fish cannot be assumed, as one local resident of the Vernal 
area reported to have hooked, but failed to land, a "whitefish" that he 
es timated to be approximately 4 ft. long from the river above the town of 
Jensen in 1966. Many local fishermen attributed the disappearance of 
large squawfish to some form of competition with the introduced channel 
catfish. Several reported observing large dead squawfish with channel 
catfish lodged in the pharynx or esophagus . The catfish were held firmly 
by their spines , and death of the squawfish was attributed to suffocation 
or starvation. Other possible contributing factors to the reduction or dis-
appearance of large squawfish may have been (1) heavy exploitation of 
these large fish by local fisherm en, as these fish were easily taken by 
hook and line, and (2) reduction of growth rate caused by heavy parasite 
load s acquired from introduced fishes. 
If the differences in growth, length-weight relationship, and food 
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habits of the roundtail and bonytail fonns of the Colorado chub are inter-
preted as e vidence that these forms are distinct entities, perhaps they 
should be regarded as sibling species rather than subspecies . According 
to Mayr (1963), a subspecies is an aggregate of local populations of a 
species , and differing taxonomically from the other populations of the 
species . If two given populations co-exist sympatrically without inter-
breeding, then they are not subspecies, but species. But if they are 
merely arbitrary segregates within a single interbreeding population, then 
they cannot be regarded as two subspecies. Thus, reference to the 
roundtail and the bonytail forms as subspecies would be incorrect since 
these two forms occur sympatrically in the Green River in Dinosaur Na-
tiona! Monument , and both forms were present in the Flaming Gorge Res-
ervoir basin (Smith, 1960). It is not known to what degree these forms 
occur sympatrically elsewhere in their range, but Jordon (1891) reported 
collecting both forms from the Gunnison River near Delta, Colorado . The 
roundtail had been reported to occur mainly in small tributaries and in 
upper reaches of the main rivers in the Colorado drainage, while the 
bonytail was thought to have been more restricted to the main channels of 
large r rivers, downstream from the round tails (Jordon, 1891; Miller, 
1946). More study of the Gila robusta complex is needed, both from 
ecological and morphological approaches, before judgments regarding the 
taxonomic status of its members can be made. 
Considerable morphological variability was observed in bluehead 
suc ker specimens . The caudal peduncle varied between two ext remes: 
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a relatively deep, laterally compressed shape , to a very narrow and round 
shape, and considerable intergrade occurred between the two forms. Smith 
(1965) believed the narrow peduncle to be an adaptation to swift-water 
habitat , and he found the na rrowest peduncles (depth = 4 . 8 percent of the 
standard length) in the Flaming Gorge Reservoir basin before impoundment . 
In the present study, narrowest peduncle was 4 . 2 percent of the standard 
length, which is the narrowest reported for this species. These narrow-
peduncle forms were most abundant in the stretch of river immediately be-
low Split Mountain Gorge and were no t found above Echo Park. Wide-
peduncle and narrow- peduncl e form s were often taken in the same col-
lection. 
CONCLUSIONS 
Twenty - one species of fish (9 indigenous, ll exotic} were col-
lected from. the study area. The rainbow trout was the most abundant 
species from Flaming Gorge Dam to at l east 26 miles downstream; the 
redside shiner and the speckled dace were the most abundant species in 
Dinosaur Monument; and the carp was the most numerous species in 
Wonsits Valley immediately below the Monument. The f!annelmouth 
sucker was the most widely distributed fish in the study area, and was 
especially abundant in Dinosaur National Monument . 
The closure of Flaming Gorge Dam in November of 19 62 has had a 
major ecologica l effect on the Green River downstream by alteration of 
yearly flow and water temperature patterns . Native fishes have been al -
most eliminated in at least the first 7 miles below the dam , and a reduc-
tion of numbers of native species has resulted as far downstream as the 
mouth of the Yampa River at Echo Park . Below the Yampa, fish popula-
tions apparentl y have not been affected to any significant degree. High 
d i scharges from the dam have lowered summer water temperatu res signif-
icantly as far downstream as Echo Park which curtailed native fish repro-
duction in this 65 - mile stretch in 1964 and 1966. Reduced summer dis-
charges resulted in near normal temperatures which permitted reproduction 
of several species , including the Colorado chub, in the Green River above 
Echo Park in 1965. 
115 
The Colorado squawfish did not show a distinct habitat preference, 
but the Colorado chub showed a distinct preference for pools and eddies . 
The only species that were characteristic of fast water and riffle areas 
were the bluehead sucker and flannel mouth sucker. Humpback suckers 
preferred shallow pools and backwater areas over soft silt bottoms. 
Colorado squawfish and Colorado chubs grew slower in the years 
after dam closure (1963-1965) than in the pre-impoundment years (1955-
1962). This reduction in growth rate IS related to the alteration of 
seasonal temperature patterns caused by the dam. The bonytail form of 
the Colorado chub grew faster than the roundtail form, while the round-
tail became heavier with increase in length than the bonytail . 
The squawfish was largely piscivorous, although young squawfish 
consumed microcrustaceans and aquatic insects . The roundtail and the 
bonytail differed slightly in their feeding habits, as the round tail was 
piscivorous and insectivorous, while the bonytail limited its diet toter-
restrial insects, plant debris, and algae. Diet of young chubs consisted 
primarily of aquatic insects. 
Time of spawning of the selected species varied and was related to 
water temperature and possibly receding water level . The Co lorado c hub 
and bluehead sucker spawned when water temperature reached approxi-
mately 6?F . The Colorado squawfish spawned approximately one month 
later. The Colore do squawfish, Colorado chub, end bluehead sucker re-
produced succes sfully below the mouth of the Yampa River in each of the 
4 years since impoundment. 
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The environmental requirements of the Colorado squawfish, Colo-
rado chub, and bluehead sucker are apparently being met in the Green 
River below its confluence with the Yampa Rive r. However, between 
Flaming Gorge Dam and Echo Park, the absence of the Colorado squawfish 
and the humpback sucker, and the reduction in range and absence of re-
production in 2 of the la st 3 years of the Colorado chub and bluehead 
sucker indicate s that all environmental requirements, particularly water 
temperature, are not being met here. 
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APPENDIX 
Appendix A 
Green River sampling schedule, 1964-1966 
Station 
Little Hol e 
Bridgeport 
Willow Creek 
Lodore 
Echo Park 
I s l and Park 
Split Mountain 
Ouray 
Dates of Sampling 
1964 
May 16 
Aug . 2 9- 30 
Sept. 17 
Sept. 18 
June 2 9-Ju ly 2 
July 21-23 
Aug. 27 - 28 
June 20-27 
July 16 - 20 
Aug. 2-4 
Aug. 23 -2 5 
Sept. 12-16 
Oct. 30 
Nov. 28 
June 13-17 
July 3-11 
July 29 - 3 1 
Aug. 18 - 21 
Sept. 8-10 
Oct. 31 
Nov. 29 
Aug. 9-10 
June 7-9 
July 13-14 
Aug. 6-8 
Sept. 6 - 7 
1965 
Apr. 8 
Aug. 27 
Aug. 26 
Aug. 25 
Sept. 2 - 3 
May 16 
June 14 -16 
June 23 -July 8 
July 14-15 
July 2 6- Aug. 8 
Aug. 23 - 24 
Sept. 6-1 2 
Apr. 11 
June 6- 9 
July 16-19 
Sept. 13 - 15 
Mar. 21 
June 11-13 
July 20 -21 
Aug . 18 -2 0 
Sept . 16 
Sept. 5 
1966 
July 13 
July 13 
Aug . 21 
July 14 
July 14 
Aug. 22 -2 3 
Apr. 26-27 
Jun e 12-17 
June 28 -3 0 
July 19-22 
Aug. 7 - 9 
Aug. 25 - 28 
Oct. 30 
Apr. 2 9 
June 9-11 
July 30 - Aug. 2 
Apr. 28 
June 18 -19 
July 5-7 
July 28-29 
Aug. 3 - 6 
Aug. 18 - 20 
Aug. 24 
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